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PBEFACE. 


The  demand  for  a  third  edition  of  my  brochure  on 
"  Water  Analysis,"  aifords  me  an  opportunity  of  offering 
to  the  public  the  results  of  an  increased  and  more 
extended  experience.  The  additions  are  so  great  as  to 
compel  me  to  re- write  neariy  all  that  I  have  previously 
published  on  the  subject. 

The  many  kind  appreciative  comments  that  have 
been  made  on  it  by  the  scientific  worid,  and  especially 
by  that  section  of  it  that  is  engaged  in  the  public 
health  service  of  the  country,  coupled  with  the  sug- 
gestions of  friends,  have  led  me  to  incorporate  with  my 
essay  on  "  Water  Analysis  "  sections  on  "  Examinations 
of  Air  and  Food." 

I  trust  that  none  of  my'  readers  will  imagine  that 
I  have  the  presumption  to  place  myself  forward  as  a 
teacher  of  the  medical  officers  of  health  of  the  country. 
I  wish  rather  to  offer  suggestions  and  hints,  that,  I  am 
\  sure,  will  be  helpful  to  those  who  have  not  plodded  as 

I  have,  along  long,  tedious,  and  tortuous  paths  for 
many  years,  at  the  sacrifice  of  much  time  and  labour, 
because  I  could  not  find  a  short  cut.  It  does  not 
follow  that  because  there  is  "  no  royal  road  to  learning," 
that  the  road  which  we  have  to  traverse  should  be 


Vlll  PREFACE. 

beset  with  all  kinds  of  unnecessary  obstacles  and  diffi- 
culties. 

The  objects  which  I  have  kept  8tea<lily  in  view  in 
writing  the  following  pages  have  been  : — 

1.  To  avoid  a  consideration  of  these  three  subjects 
solely  after  the  manner  of  an  analyst  who  mechanically 
deals  with  chemical  operations  and  arithmetical  cal- 
culations, but  to  treat  them  as  a  physician  who  studies 
them  in  connection  with  health  and  disease ; 

2.  To  render  such  details  respecting  examinations 
of  water,  air,  and  food,  as  fall  within  the  province  of 
the  medical  officer  of  health,  so  free  from  technicalities 
and  all  cloudy  and  chaotic  surroimdings,  as  to  enable 
any  one  who  possesses  the  average  chemical  knowledge 
of  a  physician  to  teach  himself  by  the  aid  of  this  i^culc 
mecum  of  the  health  officer. 

It  affords  me  much  pleasure  to  acknowledge  with 
gratitude  the  assistance  rendered  to  me  by  scientific 
men  throughout  the  country,  amongst  whom  may  1x3 
mentioned  Drs.  Attfield,  Bartlett,  Brown,  Cameron, 
F.  de  Chaumont,  Hill,  Shea,  Thome,  Tidy,  and  Messrs. 
Dixon,  Slater,  Thomas,  etc.,  etc. 

Chelmsford,  May  1878. 
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IXTRODUCTOBT  OBSEETATIOXa 


The  elementaiT  principles  on  which  the  greater  part 
of  the  work  of  the  Medical  Officer  of  Health  is  based, 
may  be  truly  said  to  be  the  prerention  of  the  pcdlntion 
of  Water  and  of  Air  with  filth  and  its  products,  and 
the  preTention  of  the  consumption  of  articles  of  Food 
deleterious  to  health. 

Pore  Water,  pnre  Air,  and  good,  wholesome  un- 
adulterated Food,  constitute  the  pillars  which  form  the 
tripod  on  which  rests  the  ^mens  sana   in   ooipofe 


Sana" 


My  ideal  of  a  Medical  Officer  of  Heakh  is  that  of 
a  physician  who  is  thoroughly  oony^sant  with  every 
question  affecting  PuUic  Health,  and  who  is  able  to 
analyse  quantitatively  water,  air,  and  food ;  and  is  so 
well  versed  in  analytical  work  as  to  be  able  to  take 
his  oath  in  a  court  of  justice  respecting  any  matter 
requiring  the  assistance  of  a  scientific  expert  in  state 
medicina  Such  a  man  should  be  debarred  from 
private  practioe,  and  placed  over  a  large  area  with 
definite  boundaries,  such  as  a  county  or  riding.  His 
i4>pointment  should  be  permanent^  so  that  he  may 
fearlessly  and  conscientiously  perform  his  duty.  Every 
medical  practitioiier  in  his  district  should  act  towards 
him  in  the  capacity  of  an  ft«ri«ytamt:.     The  Medical 
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2  INTRODUCTORY  OBSERVATIONS. 

Officer  of  Health  should  in  fact  be  the  Head  Centre  of 
all  Public  Health  affairs  in  each  county. 

First,  as  to  Water. — ^The  examination  of  drinking 
waters  forms  a  very  important  portion  of  the  duty  of 
those  who  engage  in  a  crusade  against  preventable 
disease.  A  Health  Officer  should  not  only  be  prepared 
to  answer  such  a  question,  as,  "  Does  a  water  contain  a 
deleterious  amount  of  organic  matter  ?"  but  should  be 
able  to  reply  to  such  interrogations,  as,  "  Is  this  water 
wholesome  and  good?"  "Which  of  several  specified 
wells  furnishes  the  purest  water  ?"  etc. 

Some  are  disposed  to  think  that  it  is  unadvisable 
for  a  Medical  Officer  of  Health  to  analyse  water.  The 
list  of  his  duties,  as  laid  down  by  the  Local  Govern- 
ment Board,  certainly  contains  no  order  that  he  should 
act  as  a  water  analyst.  The  latest  Adulteration  Act 
(Food  and  Drugs  Act  of  1875)  expressly  excludes 
water  from  its  provisions ;  although  few,  I  should  pre- 
sume, would  hold  that  water  is  not  in  some  sense  a 
food  (much  more  so  than  either  mustard  or  pickles) ;  or 
that,  having  regard  to  the  derivation  of  the  word 
"  adulterate,"  the  sewage  and  water  suppUed  by  some 
wells  could  not  strictly  be  considered  to  be  "  a  change 
to  another"  (the  exact  meaning  of  the  word),  of  an 
article  of  daily  consumption  of  a  very  serious  character. 
A  Medical  Officer  of  Health  who  can  promptly 
give  an  authoritative  opinion  as  to  the  quality  of  a 
water,  is  much  more  helpful  to  the  Sanitary  Authorities 
with  which  he  may  be  connected,  than  one  who  is 
unable  so  to  do.  Continually  cases  arise,  in  the  working 
of  a  large  district,  where  a  Sanitary  Authority  requires 
an  immediate  decision  as  to  the  quality  of  a  water,  in 
order  that  steps  may  be  taken  with  the  least  possible 
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delay  in  the  prevention  of  the  extension  of  a  disease. 
K,  as  is  customary  in  some  places,  samples  of  water  are 
sent  to  professional  analysts  living  at  a  distance,  great 
loss  of  time  is  generally  experienced,  and  the  analyses 
of  waters  yield  illusory  results  in  consequence  of  being 
examined  in  a  stale  instead  of  in  a  fresh  condition.  I 
have  often  known  a  month  or  more  to  elapse  before  the 
report  is  received,  when,  frequently,  the  opportunity  for 
acting  on  the  opinion  expressed  has  passed  away.  More- 
over, a  Medical  Officer  of  Health  requires,  for  his  own 
guidance  in  tracing  out  the  causes  of  diseases,  and  in 
taking  measures  to  stop  their  spread,  to  ascertain  ex- 
peditiously and  with  precision  the  state  of  waters. 

Secondly,  as  to  Air. — What  can  be  more  important 
than  the  establishment  of  some  rules  of  practice  as  to 
the  purity  of  the  air  of  our  houses  and  public  buildings? 
There  can  be  no  question  but  that  there  is  a  distinct 
causative  relation  between  consumption  and  re-breathed 
air,  between  the  condition  of  the  air  in  unventilated 
and  crowded  dwellings  and  the  prevalence  of  lung 
affections.  An  enormous  field  is  afforded  to  the  health 
officer  in  the  study  of  the  subject  of  the  defilement  of 
the  air  by  metallic,  mineral,  and  other  visible  impuri- 
ties, with  a  view  to  the  discovery  of  some  means, 
whereby  the  condition  of  those  classes  who  have  to 
earn  their  daily  bread  by  working  at  such  imwholesome 
avocations  as  button  manufacture,  stone  masonry,  cotton, 
wool,  and  silk  spinning,  etc.,  may  be  ameliorated. 

Thirdly,  as  to  Food. — The  attention  of  the  Medical 
Officer  of  Health  should  undoubtedly  be  restricted  in 
his  anal}rtical  examinations  to  the  necessaries  of  life, 
and  to  those  substances  that  are  apt  to  be  injurious 
in  themselves,  or  are  liable  to  be  adulterated  with 
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CHAPTER   I. 

THE  WHOLESOUENESS  OF  A  WATEK. 

* 

Pure  spring  waters,  devoid  of  all  metallic  impurities,  are 
undoubtedly  the  most  wholesome  waters  for  drinking 
purposes.  Pure  shallow  well  waters  occupy  a  second 
place.  The  waters  furnished  by  artesian  wells,  and  the 
rain  that  descends  in  the  country  far  away  &om  towns 
and  cities,  occupy  jointly  a  third  position  in  order  of 
merit;  and  lastly  come  the  waters  of  streams  and  riviQets, 
the  majority  of  which  contain  more  or  less  filth,  and  in 
times  of  heavy  rains  soil  and  mineral  debris  of  every 
description.  All  will  readily  understand  the  reason 
that  spring  water  should  be  placed  first,  and  river  water 
last  in  the  order  of  wholesomeness,  but  the  motive  for 
assigning  to  artesian  well  water  and  rain  water  a 
situation  inferior  to  both  spring  and  shallow  well  water 
is  perhaps  not  so  obvious.  Artesian  well  waters  gene- 
rally contain  an  excess  of  saline  matters  (vide  page  9  7). 
Bain  water  contains  an  infinitesimal  amoimt  of  saline 
substances,  and  is  almost  entirely  devoid  of  lime,  a  body 
which  is  so  important  in  building  up  the  bony  tissues 
of  young  animals.  I  am  aware  that  some  few  eminent 
men  consider  that  young  creatures  solely  derive  the 
lime  which  they  require  from  their  food*  (vide,  for 
example,  the  evidence  of  Dr.  Lyon  Playfair  in  the  Sixth 

*  One  pound  of  flour  contains  only  1)  grain  of  lime,  and  that  in  a 
form  which  is  associated  with  the  more  insoluble  part  of  the  grain. 
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THE  WHOLESOMENESS  OF  A  WATER. 


Eeport  of  the  Eivers  Pollution  Commissioners,  page 
189.  Those  who  entertain  this  view  consider,  I  believe, 
that  water  simply  acts  as  a  diluent  or  solvent  in 
nutrition.  I  have  no  room  here  to  combat  these  views, 
but  can  simply  give  it  as  my  opinion  that  the  young 
animal  supplies  the  wants  of  its  system  for  lime  from 
every  available  source. 

It  is  almogt  impossible  to  define  a  wholesome  wat^r ; 
but  here  are  two  examples  of  most  w^holesome  spring 
waters : — 


Spring 
water. 


Name  and  Description  of  the 
Sample  of  Water. 

Grains  per  Gallon. 

Part  per  Million  = 

Milligramme 

per  Litre. 

Total 
Hardness 

Sprinff  supplying  village 
of   WoodnHm   Walter, 
Essex. 

Spring  near  Drewsteign- 
ton,  Dartmoor,  Devon 

N,B, — No  metals  in  either 
water. 

Solids. 
21- 

Chlorine. 
2-4 
1^6 

Free 
Ammonia 

•00 
•02 

Albumi- 
noid 
Ammonia 

•01 
•01 

Degrees. 
6 
8 

It  may  be  useful  to  give  examples  of  the  composition 
of  good  shallow  weU  and  good  artesian  well  waters  and 
pure  rain  water : — 


Name  and  Description  of  the 
Sample  of  Water. 

Grains  per  Gallon. 

Part  per  Million  = 

Milligramme 

per  Litre. 

Total 
Hardness 

SoUds. 

Chlorine. 

Free 

Amtnont* 

Albumi- 
noid 

Degrees. 

eoianow 

Oood  shallow  well  water. 

Ammonia 

wall  water. 

Depth  25  feet     . 

80- 

7* 

•01 

•05 

13 

Aitesiaii 

Good  Artesian  well  water. 

well  water. 

Depth  800  feet    . 
Good  Artesian  well  water. 

85*4 

27*1 

•74 

•03 

5 

Depth  175  feet    . 

106*4 

87*7 

•01 

•02 

9J 

Bain  water. 

Pore  rain  water  collected 

i 

in  open  coontry  . 

1* 

•6 

•46 

•08 

•7 

THE  WHOLESOMENESS  OF  A  WATER.  1 1 

In  forming  an  opinion  as  to  the  quality  of  a  water 
for  sanitary  purposes,  the  old-fashioned  plan  of  carefully 
estimating  the  number  of  grains  per  gallon  of  each  saline 
constituent,  often  8  or  10,  and  at  times  as  many  as 
18  or  19  in  number,  is  perfectly  imnecessary.  Of  what 
importance  is  it  to  ascertain  the  exact  fraction  of  a  grain 
of  silica  or  alimiina  which  a  water  may  contain,  or 
whether  it  does  or  does  not  possess  a  trace  of  fluorine  ? 
It  is  of  not  the  slightest  practical  moment  as  to  whether 
our  drinking  water  contains  3  or  6  grains  of  carbonate 
of  lime  per  gallon,  or  whether  1  or  5  grains  of  chloride 
of  sodium  are  dissolved  in  the  same  quantity,  provided 
it  is  pure.  In  the  case  of  mineral  waters,  tuid  of  waters 
proposed  to  be  used  for  brewing  tmd  other  commercial 
purposes,  a  detailed  {malysis,  containing  the  exact 
amount  of  every  salt,  may  sometimes  be  required. 

Equally  useless  for  all  sanitary  work  is  the  estimation 
of  the  amount  of  cubic  inches  of  the  nitrogen,  oxygen, 
and  carbonic  acid  gases  evolved  on  boiling  a  water,  and 
the  determination  of  the  temperature  of  a  water. 

In  forming  a  judgment  as  to  the  character  of  a 
water,  it  is  desirable  for  the  Medical  Officer  of 
Health  to  ascertain  some  or  all  of  the  following 
particulars : — 

(a.)  The  amoimt  and  nature  of  the  organic  matter.   Data  on 

(6.)  The  existence  or  not  of  the  products  of  the  <>?*»*<» 
oxidation  of  organic   matter,  such  as  thcbMod. 
nitrates  and  nitrites,  and  in  certain  cases 
the  quantity  of  these  salts. 

(c.)   The  amount  and  nature  of  the  saUne  consti- 
tuents. 

(cL)  The  degree  of  hardness. 
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(e.)  The  existence  and  the  amount,  if  present,  of 
metals. 

(J)  The  existence  and  the  amount  of  purgative  salts, 
such  as  the  sulphate  and  carbonate  of 
magnesia,  or  the  sulphates  of  soda  and  potasL 

In  the  majority  of  cases  that  present  themselves, 
information  on  the  first  two  points  lb  alone  needed. 


CHAPTEE    11. 

THE  DETERMINATION  OF  THE  AMOUNT  AND  NATURE  OF 

THE  ORGANIC  MATTER. 

All  waters,  even  the  pxirest,  contain  some  organic 
matter.  The  excess  is  alone  objected  to ;  and  espe- 
cially that  of  animal  origin,  which  is  especially  prone 
to  pass  through  certain  putrefactive  changes. 

A  great  variety  of  methods  have  been  employed  at 
dififerent  times  by  English  and  German  chemists.  With- 
out adverting  to  the  history  of  the  subject,  which  would 
be  foreign  to  the  purpose  of  this  little  work,  I  shall 
describe  those  which  have  taken  the  lead,  and  are  now 
believed  in  and  practised  by  medical  officers  of  health 
and  jmalysts  in  their  attempts  to  pronounce  on  the 
quality  of  a  water.  The  employment  of  these  very 
dissimilar  modes  has  led,  imfortunately,  to  most  con- 
tradictory results : — 


1.  By  noting  the  presence  or  absence  of  any  smell  in  moh  popu- 

lar  iMto  ai 
proceMea. 


the  air  with  which  the  water  has  been  violently  shaken,  ^'*^**  "** 


and  by  observing  the  "  keeping  powers  "  of  a  water. 

2.  The  colour  test. 

3.  The  trichloride  of  gold  test. 

4.  Heisch's  test. 

5.  Fleck's  test. 

6.  The  zymotic  or  microzyme  test 

7.  The  permanganate  of  potash  process. 

8.  The  Wanklyn,  Chapman,  and  Smith  process. 

9.  The  Frankland  and  Armstrong  process. 


14       tee  determination  of  the  amount  and 

1. — The  Smell  and  "Keeping  Powers"  of  a  Water. 

Themieu.  The  Smdl, — The  most  rough-and-ready  way  that 

has  been  employed  for  ascertaining  whether  or  not  a 
water  is  polluted  with  organic  matter  is  to  partly  fill  a 
clean  bottle  with  a  sample  of  it,  and  having  violently 
shaken  the  same,  to  take  a  hearty  snifif  at  the  air  of 
the  bottle  which  has  been  agitated  with  the  water.  If 
the  air  smells  sweet  and  fresh,  the  absence  of  an  in- 
jurious amount  of  organic  matter  is  inferred,  and  vice 
versd.  There  is  no  doubt  but  that  much  may  be  learnt 
in  this  way  by  those  who  do  not  blimt  their  sense  of 
smell  by  smoking,  especially  if  they  frequently  practise 
this  primitive  test.  It  is  very  easy  to  distinguish  thus 
between  river  and  spring  water ;  and  a  very  impure 
water,  which  may  exhibit  no  fault  to  the  eye,  may 
frequently  disclose  to  the  olfactory  nerves  the  fact  of 
its  pollution.  If  no  smell  is  noticed  in  this  manner, 
some  may  be  observed  on  gently  wanning  the  water ; 
and  if  none  then,  the  addition  of  a  few  grains  of  caustic 
potash  may  render  it  apparent.  Mr.  Crookes'  device  ia 
as  follows : — "  Take  two  or  three  ounces  of  the  water, 
the  smell  of  which  is  to  be  tested,  and  warm  it  care- 
fully and  quickly  in  a  flask  to  a  temperature  of  about 
102°  or  104°  Fahr.,  say  4°  or  6°  above  blood  heat ; 
then  take  a  glass  tube  of  about  ^inch  diameter  and  3 
feet  long,  put  the  flask  containing  the  water  on  the 
floor,  carefidly  suck  up  the  water  five  or  six  times  into 
this  tube  until  the  inside  of  the  tube  is  thoroughly 
wetted  with  the  water,  then  allow  the  water  to  escape, 
and  closing  one  nostril  with  the  finger,  take  two  or 
three  fuU  inspirations  through  the  tube  with  the  other 
nostril"     It  should  be  borne  in  mind,  however,  that 
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the  existence  of  an  unpleasant  odour  or  taste  about 
the  water  from  a  well  sunk  in  clay  is  no  proof  of  the 
pollution  of  that  water  with  organic  matter.  Water,  if 
allowed  to  remain  long  in  contact  with  certain  kinds  of 
clay,  in  some  situations,  acquires  such  an  objectionable 
smell  as  to  be  sometimes  quite  undrinkable,  and  yet 
may  not,  at  the  same  time,  contain  an  amount  of  organic 
matter  that  would  warrant  its  condemnation.  Com- 
plaints are  made  sometimes  of  this  smell  in  the  case  of 
waters  of  artesian  wells,  sunk  through  the  clay,  where 
the  supply  of  water  is  much  greater  than  the  demand. 
A  well  of  this  kind  can  be  made  to  furnish  excellent 
water  by  the  frequent  withdrawal  of  its  contents,  or,  if 
that  is  not  practicable,  and  the  well  be  an  artesian  one, 
by  the  filling  up  of  the  dug  portion  of  the  well  and  by 
drawing  the  supply  solely  from  the  bore-pipe.  *In  this 
way  the  water  is  prevented  from  lying  long  in  contact 
with  the  sides  of  the  well  The  clay  contains  in  some 
situations  little  nodules  of  iron  pyrites — i.e,f  sulphide 
of  iron,  and  fossils  of  the  same  composition.  They 
possess  a  peculiar  odour,  which  they  give  forth,  espe- 
cially when  wetted  and  rubbed.  This  odour  seems  to 
be  in  some  cases  communicated  to  the  water,  and  re- 
minds one  of  sulphurous  acid,  and  occasionally  of  fennel. 
These  offensive  waters  often  contain  such  an  enormous 
excess  of  chlorides  and  other  saline  matters  as  to  be  not 
potable;  they  are  known  by  the  public  as  "brackish"  "Braddih" 
waters.     Here  is  an  example : —  ^ 

Graiks  per  Oalloit. 
Solids.  Chlorine. 

Well  behind  **  Compassea,"  PH.WH    .         880*  29-6 

Other  waters   from  the  clay  have  a  decided  smell  of  "Rotten 
sulphuretted  hydrogen  gas,  and  become  turbid  on  stand-  •w**^***^ 
ing,  in  consequence  of  the  separation  of  sulphur.  Books 
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* 

tell  us  that  sulphuretted  hydrogen  is  generated  from 
the  decomposition  of  water  and  iron  pyrites.  Before 
this  gas  is  produced,  I  think  with  Mr.  Slater  that  a 
partial  decomposition  of  sulphide  of  iron  probably  occurs 
with  a  formation  by  oxidation  of  sulphuric  acid.  This 
acid  acts,  then,  on  the  remaining  sulphide  of  iron, 
evolving  sulphuretted  hydrogen  gas. 

It  has  been  considered  probable  by  some  that  this 
gas  arises  from  the  decomposition  of  sulphates  through 
the  instrumentality  of  certain  algae. 

Professor  Kubel  states  ^  that  if  water  is  warmed  to 
110®  F.,  the  olfactory  nerves  can  detect  coal  gas  if 
present  in  a  water,  when  chemical  means  fail  to  do  so. 
Fish-iike  A  peculiar  fish-like  odour  has  been  observed  in  some 

of  the  lakes  and  rivers  of  the  United  States.  The  water 
supplies  of  New  York,  Boston,  Baltimore,  and  many 
other  cities,  and  the  water  of  the  Tennessee  river  near 
Nashville,  have  been  at  times  thus  unpleasantly  affected. 
A  very  interesting  investigation  has  recently  been  made 
by  Professor  Lattimore,  of  the  University  of  Eochester, 
respecting  the  Hemlock  Lake  supply  of  that  city,  who 
arrived  at  the  foUowing  conclusions  :— 

1.  The  fish-like  odour  is  due  to  some  obscure  con- 
dition of  certain  undetermined  species  of  algae,  probably 
to  their  decay  and  decomposition ; 

2.  The  development  of  this  odour  seems  to  be 
generally  connected  with  the  rise  of  temperature  in 
summer ;  in  one  case  it  commenced  with  a  falling  tem- 
perature in  autumn ; 

3.  No  evidence  is  forthcoming  to  warrant  a  suspi- 

*  Anleitang  znr  Untersachung  tod  Wasser.     Zweite  Auflage  von 
Dr.  F.  Tiemaxm:  Braunschweig,  1874. 
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cion  of  such  water  possessing  any  deleterious  effect  on 
the  health  of  those  who  drink  it. 

The  "Keeping  Powers'*  of  a  Water. — ^The  property  "Keeping 
possessed  by  a  water  of  "  keeping"  for  a  greater  or  less  ^J^""'* 
length  of  time,  without  undergoing  any  change  percep- 
tible to  the  unaided  eye,  has  been  employed  as  a  gauge 
of  the  purity  of  a  water.  That  a  pure  water  can  be 
preserved  unchanged  for  a  considerable  time,  and  that 
an  impure  water  will  soon  become  altered  in  appearance, 
are  undoubted  facts.  It  is  equally  true,  however,  that 
some  waters  of  the  greatest  purity  will,  very  soon  after 
removal  from  their  sources,  be  foimd  to  display  vegetable 
life ;  for  example,  some  artesian  waters,  that  possess  a 
large  amount  of  free  ammonia.  The  temperature  of  the 
air  has,  of  course,  much  to  do  with  the  "keeping  powers" 
of  a  water ;  hfe  and  growth  being  more  active  in  hot 
than  in  cold  weather. 


2. — The  Colour  Test. 

It  is  helpful  in  forming  an  opinion  as  to  the  quality  The  colour 
of  a  water  to  pay  a  certain  regard  to  its  colour,  although, 
apart  from  other  indications  of  its  condition,  no  reliance 
should  be  placed  on  this  test.  Speaking  generally,  it 
may  be  said  that  waters  polluted  by  filth  have  various 
shades  of  a  straw  or  brownish  tint,  deeper  in  proportion 
to  the  amount  of  filth  which  they  contain.  To  this  rule 
there  are  many  exceptions.  A  water  may  possess  a 
strong  brown  or  yellowish  tint  and  yet  be  pure — e.g., 
some  peaty  waters,  and  waters  containing  iron.  Certain 
artesian  waters  of  great  purity  have  a  straw  tint.  The 
Loch  Katrine  water,  which  supplies  the  city  of 
Glasgow,  displays  a  colour  apparent  to  every  one.     On 
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the  other  hand,  some  waters  that  are  as  devoid  of  colour 
as  distilled  water,  and  exhibit  a  greater  brilliancy,  are 
found  to  be  polluted  with  a  large  amount  of  animal 
filth.  Waters  from  diflferent  sources  are  often  proposed 
for  the  supply  of  a  town  or  village  with  the  object  of 
selecting  that  one  which  is  in  all  respects  the  best.  If, 
on  tmalysis,  two  or  three  of  the  collection  should  appear 
to  be  equally  good,  the  one  possessing  the  least  colour 
should  be  preferred. 

It  has   been  proposed  to  measure  definitely  the 
Mr.  p.King'i  colour  of  Water  in  two  or  three  ways.     Mr.  F.  King, 
mdun^     Analyst,  of  Edinburgh,  accomplishes  this  object  by  pre- 
menL         paring  a  standard  solution  of  caramel  or  burnt  sugar 
(such  as  is  used  for  colouring  soups),  which,  by  means 
of  a  graduated  burette,  is  dropped  in  certain  known 
quantities  into  distilled  water  so  as  to  match  the  tint 
of  the  water  under  examination.*     An  apparatus  haa 
Dr.  Bow-     recently  been  devised  by  Dr.  Bowditch  t  for  testing  the 
iBitnunent  depth  of  colour  of  different  specimens  of  water.     The 
instrument  consists  of  two  tubes,  B  and  D,  sliding,  water- 
tight, one  within  the  other,  the  lower  end  of  each  tube 
being  closed  with  a  disc  of  plate  glass.     Into  the  large 
tube,  B,  just  above  the  plate  glass  disc,  is  inserted  a 
piece  of  small  tubing,  which  terminates  in  a  funnel- 
shaped  receiver,  A.     Water  poured  into  this  receiver 
will   therefore  pass  into  the  space  between  the    two 
glass  discs,  entirely  filling  the  outer  tube  when  the 
inner  tube  is  withdrawn,  and  again  returning  to  the 
receiver  when  the  inner  tube  is  passed  down,  so  that 
the   glass    discs   come   in    contact   with   each    other. 

*  Chemical  News,  March  25,  1875. 

t  Described  in  Report  upon  the  Purity  of  the  different  riyers  around 
Boston  (City  Doooment,  No.  142). 
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Through  an  opening,  near  the  upper  end  of  the  smaller 
tube,  is  inserted  one  end  of  a  rhombic  prism^  E,  in 


which  total  internal  reflection  takes  place  twice.  This 
prism  extends  half- way  across  the  inner  tube,  so  that 
an  eye,  looking  through  the  eyepiece,  sees  the  field  of 
vision  nearly  half  filled  by  the  surlEace  of  the  prism  (see 
Kg.  2). 

The  eyepiece,  G^  contains  a  single  lens,  which  is 
focussed  upon  the  upper  surface  of  the  prism*  The 
position  and  angles  of  the  prism  are  such  that  a  ray  of 
light,  outside  of  and  parallel  to  the  tube,  B,  is  reflected 
first  directly  into  the  tube,  D,  and  then  parallel  to  its 
axis,  thus  emerging  from  the  prism  and  entering  the 
eyepiece  alongside  of  the  rays  of  light  which  have  passed 
through  the  two  plate-glass  discs.  It  will  thus  be  seen 
that  the  conditions  for  comparing  the  colour  and  in- 
tensity of  these  two  sources  of  light  are  as  favourable 
as  possible. 
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A  piece  of  white  card,  G,  fastened  at  the  lower  end 
of  the  larger  tube,  throws  a  uniform  white  light  through 
both  tubes,  and  also  along  the  outside  of  the  instrument 
into  the  prism. 

In  using  the  instrument  a  piece  of  brownish  yellow 
glass  is  placed  in  front  of  the  prism,  and  the  water 
whose  colour  is  to  be  determined  is  poured  into  the  re- 
ceiver. 

The  inner  tube  is  then  withdrawn  until  the  column 
of  water  between  the  two  glass  discs  is  sufficiently  long 
to  give  to  the  light  passing  through  it  a  colour  equal 
to  that  imparted  by  the  coloured  glass  to  the  Ught 
passing  through  the  prism.  The  length  of  this  column 
of  water,  which  will,  of  course,  vary  inversely  with  the 
depth  of  the  colour,  can  be  determined  by  means  of  the 
scale  on  the  inner  tube.  By  this  means  the  relative 
intensity  of  colour  of  various  specimens  of 'water  may 
be  determined  with  considerable  accuracy. 

The  late  Dr.  Letheby  was  in  the  habit  of  employing 
glass  cylinders  2  feet  long  and  2  inches  in  diameter 
for  making  comparative  observations. 

It  is  sufficient  for  the  health  officer  to  take  two 
Nessler  glasses  of  the  ordinary  size,  6  inches  long  and  1^ 
inch  in  diameter,  which  should  be  free  from  colour,  and 
having  filled  one  with  the  water  to  be  examined  and 
the  other  with  distilled  water,  to  stand  them  side  by  side 
on  a  white  porcelain  slab,  and  looking  down  through 
both  columns  of  fluid  judge  of  the  degree  of  difference 
(if  any)  in  tint. 

3. — ^The  Trichloride  of  Gold  Test. 
A  neutral  or  feebly  acid  solution  of  the  trichloride 
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of  gold  has  been  employed  by  some  for  the  estimation 
of  the  amount  of  oxidizable  organic  matter.  About 
100  c.c.  of  the  sample  of  water,  having  been  rendered 
yellow  with  a  few  drops  of  this  valuable  solution,  is 
boiled.  The  organic  matter  reduces  the  gold,  and  yields 
a  purplish  colour  more  or  less  deep,  and  a  precipitate  of 
a  dark  violet  hue.  Nitrites,  if  present  in  the  water, 
produce  the  same  effect  This  test  has  been  almost 
entirely  abandoned  in  water  examinations. 

4. — Heisch's  Test. 

This  test  consists  in  the  addition  of  10  grams  of  the 
purest  sugar  to  5  oimces  of  the  water,  in  a  perfectly 
clean  bottle,  which  should  be  completely  filled  by  it. 
The  stopper  having  been  accurately  adjusted  so  as  to 
thoroughly  exclude  atmospheric  air,  the  bottle  of  water 
is  exposed  to  daylight  at  a  temperature  of  about  70°  F. 
In  the  course  of  about  24  hours  certain  little  bodies,  if 
the  water  contains  sewage,  may  be  seen  floating  about, 
provided  we  look  carefully  through  the  water  against  a 
black  cloth  suspended  behind  it.  These  bodies  are 
found  to  consist,  when  examined  by  J  or  J  inch  objec- 
tive, of  cells  with  very  brilliant  nuclei  These  cells 
subsequently  group  themselves  like  grapes  in  a  bunch. 
Ultimately  the  odour  of  butyric  acid  becomes  perceptible. 
Dr.  Frankland  found  that  growths  were  producible  in 
pure  water  containing  in  solution  nitrate  of  ammonia, 
phosphate  of  soda  and  sugar,  and  came  to  the  conclusion 
that  the  presence  of  phosphates  in  a  water  is  solely 
needful  to  occasion  this  phenomenon.  Mr.  Heisch  con- 
tends that  the  growths  considered  by  him  as  distinctive 
of  the  existence  of  sewage  differ  altogether  from  those 
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seen  by  Dr.  Frankland  as  resulting  from  the  presence 
of  phosphates.  He  holds  that  the  bodies  due  to  sewage 
are  developed  without  the  presence  of  air  (he  had  indeed 
first  observed  them  in  a  liquid  saturated  with  carbonic 
acid),  whilst  those  noticed  by  Dr.  Frankland  in  waters 
containing  phosphates  would  not  form  if  air  is  excluded, 
and  are  tiien  always  accompanied  by  bacteria,  and  are 
not  attended  by  the  formation  of  butyric  acid. 

5. — Fleck's  Test, 

which  is  scarcely  known  in  this  country,  is  employed 
by  some  Germans.  The  nitrate  of  silver  and  hypo- 
sulphite of  soda  are  the  salts  that  are  requisite  in  the 
working  of  the  method.* 

6. — ^The  Zymotic  or  Micbozyme  Test. 

The  water  to  be  operated  on  is  collected  by  heating 
the  tube  or  flask  intended  for  its  transportation  to  a 
high  temperature,  and  hermetically  sealing  it.  The  neck 
thus  sealed  is  broken  underneath  the  surface  of  the 
water  of  which  a  sample  is  to  be  taken.  Some  of 
Pasteur's  solution!  (clear  and  fresh)  having  been  boiled, 
one  or  two  cubic  centimetres  of  it  are  dropped  into  a 
test  tube  that  has  been  heated  to  395°  F.  Four  or  five 
drops  of  the  water  to  be  examined  are  then  added,  and 
the  mouth  of  the  tube  is  plugged  with  cotton  wooL  If 
microzymes  or  organic  germs  exist  in  the  water,  it  will 

*  JahresberiM  der  Chem.  Centralstelle  fl  off.  Ges.  Pfl.  L  Dresden. 
Dresden,  1872. 

t  Recipe — Ciystallised  sugar,  10  grammes;  ammonium  tartrate, 
'5  gramme ;  yeast  aah  (well  burnt),  *1  gramme ;  distilled  water,  100 
cub.  cent 


^f '-^ 


NATURE  OF  THE  ORGANIC  MATTER.        23 

in  a  few  days  become  opaque  from  the  presenoe  of 
myriads  of  bacteria  The  amount  of  impurity  in  a 
water  is  estimated  by  the  degree  of  opacity  and  the 
greater  or  less  rapidity  with  which  this  degree  is 
reached  Bacteria,  vibriones,  etc.,  are  found  in  the  purest 
waters  in  an  infinitesimal  amount  Their  presence  in 
any  quantity  indicates  the  co-existence  of  certain  organic 
substances  in  a  state  of  decomposition. 

Unfortunately  no  imchangeable  line  or  basis,  on 
which  comparative  examinations  of  waters  could  rest,  is 
discernible  in  this  or  in  the  last  described  methods. 

7. — ^The  Permanganate  of  Potash  Process. 
A.   QwdUative  Examination. 

In  the  year  1850,  Prof.  G.  Forchhammer  of 
Ck)penhagen  proposed  *  to  employ  a  solution  of  per- 
manganate of  potash  for  determining  the  amount  of 
organic  matter  in  water. 

The  test  solution,  which  is  prepared  by  dissolving 
a  smaU  quantity  of  pure  permanganate  of  potash  in 
some  distilled  water,  forming,  in  fact,  "  Condy's  Fluid," 
has  been  used  qualitatively  and  quantitatively  as  a 
measure  of  the  oxidizable  organic  matter  in  a  drinking 
water,  in  terms  of  the  oxygen  required  to  oxidize.  Per- 
manganate of  potash  readily  yields  oxygen  to  many 
substances  capable  of  combining  with  this  element,  of 
which  organic  matter  is  one  amongst  several  others,  such 
as  iron,  nitrites,  and  sulphuretted  hydrogen,  that  are 
liable  to  occur  in  drinking  waters,  this  chemical  change 

*  Tram.  Royal  Danith  Soq/,,  6th  series,  Physical  and  Mathem. 
SectioiL    Vol.  iL 
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being  accompanied  by  the  disappearance  of  the  charac- 
teristic violet  tint  of  the  solution. 
Qiuutft-  The  common  practice   amongst  country  surgeons 

**^'^*  and  dummy  medical  officers  of  health  has  in  the  past 
been  to  add  two  or  three  drops  of  a  solution  of  per- 
manganate of  potash  to  the  water  to  be  examined  in  a 
test  tube,  and  to  note  the  extent  to  which  the  original 
pink  tint  is  replaced  by  a  brown  colour,  and  the  rapi- 
dity of  the  change.  The  amount  of  organic  matter  is 
supposed  to  be  indicated  by  the  degree  and  rapidity  of 
the  de-oxidation. 

The  rules  that  guide  those  who  rely  on  the  perman- 
ganate of  potash  as  a  qualitative  test  are  the  follow- 
nuiei.  iDg : — "  If  decomposed  organic  matter  be  present  in  a 
degree  hurtful  to  health,  the  pink  colour  is  changed  to 
a  dull  yeUow ;  or,  if  a  still  larger  quantity  exists  in 
the  water,  the  colour  will  in  time  entirely  disappear. 
Where  the  colour  is  rendered  paler,  but  still  retains  a 
decidedly  reddish  tinge,  then,  although  putrefying  or- 
ganic matter  is  present,  it  is  so  in  such  nunute  quanti- 
ties as  are  not  likely  to  be  immediately  hurtful.  The 
quicker  and  more  perfect  the  decoloration  of  the  water 
tested,  the  greater  is  the  quantity  of  decomposing 
organic  matter." 

Dr.  Frankland*  and  Mr.  Wanklyn  have  both  shown 
the  uselessness  of  this  permanganate  of  potash  test; 
but  it  ia,  notwithstanding,  still  employed  by  some,  and 
often  with  misleading  results.  In  a  "  Eeport  of  the 
Analjrtical  Sanitary  Commission  on  Disinfectants" 
{Lancet,  August  9,  1873,  p.  194),  this  fact  is  referred 
NotwUed  to.  The  writer,  however,  adds  that  the  fallacious  rn- 
SwJiySto.     dications  of  this  permanganate  of  potash  test  "  has  led 

*  Jourtial  of  Chemical  Society,  voL  xxi.  p.  77. 
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to  the  total  disuse  of  the  old  method  of  testing  water." 
If  this  result  had  been  attained  I  should  not  now  be 
warning  my  brother  health  officers  against  this  pro« 
cess,  which  has  become  obsolete  amongst  professional 
analysts.  Scientific  chemists  well  know  that  this  salt 
does  not  oxidize  albuminous  matters ;  and  to  this  fact, 
its  failure,  as  a  test  for  the  organic  matter  in  water, 
may  doubtless  in  part  be  attributed.  Without  entering 
into  chemical  details,  it  may  be  said : — (1)  That  it  some-  oijecUoM. 
times  fails  to  afford  any  indication  of  the  presence  of 
organic  matter  in  water  that  may  contain  a  large  quan- 
tity of  it ;  and  (2)  that  it  is  not  sufficiently  sensitive. 
If  I  prove  these  statements,  it  will,  I  think,  be  admitted 
that  ample  evidence  has  been  afforded  to  warrant  the 
assertion  that  the  permanganate  of  potash  test  should 
not  solely  be  relied  on  for  determining  the  organic  pol- 
lution of  a  water.  I  was  asked  some  time  ago  to 
examine  the  water  from  a  well,  the  purity  of  which 
was  questioned,  the  result  of  the  analysis  being  a 
matter  of  the  greatest  moment,  involving  important 
interests.  It  was  collected  by  the  inspector  of  nuisances 
in  a  perfectly  clean  bottle,  supplied  by  myself.  The 
permanganate  of  potash  test  gave  no  indication  whatever 
of  the  presence  of  organic  matter,  although  allowed  to 
act  on  the  water  for  different  periods  of  time.  On 
making  a  quantitative  analysis  of  the  water  by  means 
of  the  Wanklyn,  Chapman,  tmd  Smith  process,  the 
following  result  was  arrived  at : — 


Date. 

Wanklyn,  Chapman,  and  Smith  proceu. 

Permang.  of  Potash  Test. 

Sept.  8. 
Dec.  16. 

Part  per  Million  » 
miligramme  per  Litre. 

No  change. 
No  change. 

Free  Ammonia. 
•02 
•08 

Alb.  Ammonia. 
•86 
•42 

Fidkeies. 
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Here,  then,  is  a  water,  exhibiting  between  four  and 
five  times  more  of  organic  matter  than  the  maximum 
quantity  contained  in  good  drinking  water  which  yields 
no  change  with  permanganate  of  potash.  The  analysis 
of  December  shows  an  increase  in  the  degree  of  pollu- 
tion of  the  water.  The  permanganate  of  potash  neither 
indicated  the  increase  in  the  amount  of  impurity,  nor, 
indeed,  the  presence  of  any  organic  matter.  Dr.  Par- 
sons refers^  to  an  interesting  case,  which  shows  the 
imreliability  (if  I  may  coin  a  word)  of  the  permangan- 
ate of  potash  test.  He  writes :  ''  I  have  had  to  examine 
a  sample  of  water  upon  which  suspicion  fell,  from  the 
fact  that  five  persons  who  drank  it  were  taken  ill  at 
the  same  time  with  enteric  fever.  The  owner  of  the 
well  refused  to  believe  that  the  water  could  be  in 
fault,  because  it  was  clear,  and  had  no  unpleasant 
taste  or  smell,  and  because  he  had  tried  it  with 
Condy's  fluid  which  had  kept  its  colour.  Never- 
theless, on  analysis,  it  yielded  the  following  large 
amounts : — 


GrainB  per  Gallon. 

Parte  per  Million  —  Milligramme  per  Litre. 

Chlorine. 
11-6 

Ammonia. 
6-00 

Albuminoid 
Ammonia. 

1-08. 

"  On  examining  the  well  it  was  found  that  the  cess- 
pool of  a  privy  had  overflowed  into  it."  It  must  be 
admitted  by  all  that  the  permanganate  of  potash  is 
not  sufficiently  sensitive  when  it  fails  to  make 
any  distinction  between  such  waters  as  the  follow- 
ing:— 

*  ** Memorandum  on  Water  AnBlya\s"— Public  HectUh,  June  16,  1874. 
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Wanklyn,  Chapman,  and  Smith  Fiocesa. 

Permanganate  of  Potaah. 

WiCKTORD  YlLLAOB. 

Artesian  well,    885   feet   in 
depth. 

Water  employed  by  majority 
of   villagers,    and    of  thd 
neighbouring  iarmers. 

Part  per  Million  » 

Millignunme 

per  Litre. 

Alb.  Ammonia. 

•04 

Pink  colour  is  paler. 
Slight  brick-red 
sediment. 

Gkkat  Babdow. 

In  which  diphtheria  or  enteric 
fever  is  every  now  and  then 
present      Well  at  back  of 
schools  is  14  yds.  firom  a 
cesspool.    Gravelly  porous 
soiL 

•28 

Pink  colour  remains, 
but  is  paler.  Very 
sliffht  brick-red 
sediment. 

In  the  subjoined  analyses  the  permanganate  of 
potash  positively  leads  ns  into  the  error  of  supposing 
that  the  oflFensive  and  impure  water  is  purer  than  the 
artesian  water  which  is  of  the  highest  excellence. 


Samples  of  water. 

Part  per  Million  » 

Millignunme 

per  Litre. 

Alb.  Ammonia. 

Permanganate  of 
Pota^  Teat. 

WeU  at  Oalleywood,  close 
to  heaps  of  decomposing 
filth.     Water  complained 
of  by  cottagers  as  some- 
what offensive  to  thesmell. 

•24 

Pink  colour  remains. 

Stagg's  Artesian  well,  Bum- 
ham. 

•03 

Has  become  very  pale. 
Rather  copious  brick- 
red  sediment 

The  medical  officer  of  health  of  the  Goole  and 
Selby  Sanitary  Districts  very  properly  remarks,  with 
reference  to  this  test :  "  The  permanganate  of  potash 
test  is,  I  find,  as  tedious  as  the  ammonia  process,  while 
the  shades  of  colour,  from  their  dissimilarity  in  kind  as 
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well  as  in  degree,  are  far  more  difficult  to  compare 
than  those  of  the  latter  process.  Should  decoloration 
occur,  it  does  not  follow  that  it  is  due  to  sewage  con- 
tamination ;  nor,  on  the  other  hand,  if  the  colour  be 
permanent  does  it  always  prove  that  the  water  is  pure." 

Enteric  fever  broke  out  at  a  little  town  in  my  dis- 
trict, and  was  confined  to  the  market-place.  Being 
temporarily  prevented  from  analysing  waters  according 
to  the  Wanklyn,  Chapman,  and  Smith  process,  I  tested 
that  of  the  public  well  around  which  the  fever  was 
confined,  with  a  solution  of  permanganate  of  potash, 
and  found  no  indication  of  impurity.  As  the  fever 
still  spread,  notwithstanding  the  adoption  of  the  pre- 
ventive measures  customary  in  such  cases,  I  made  a 
proper  analysis  of  the  water.  Finding  it  impure,  I 
advised  the  Sanitary  Authority  to  order  the  well  to  be 
closed,  which  was  accordingly  done.  The  cottagers 
were  directed  to  a  pure  water  supply,  and  the  fever 
speedily  disappeared.  I  subsequently  ascertained  that 
a  rotten  drain  passed  within  two  yards  of  the  well,  and 
that  a  neighbouring  cesspool  had  been  occasionally  seen 
to  overflow  into  it. 

Such  is  the  permanganate  of  potash  test  applied  in 
the  usual  rough  and  ready  manner.  Some,  such  as 
Dr.  W.  A.  Miller,  Mr.  V.  Harcourt,  and  Dr.  Woods, 
have  applied  it  in  a  quantitative  manner  for  the 
analysis  of  water  with  better  success.  There  are 
such  diverse  ways  of  employing  this  test  that  it  is 
impossible  to  institute  any  comparison  between  the 
results  arrived  at.  Some  add  an  acid,  e.g.,  sulphuric 
acid,  and  others  add  an  alkali,  e.^.,  milk  of  lime,  to  the 
water,  before  treating  with  the  permanganate  solution. 
Some  conduct  the  process  at  the  temperature  of  140°  F.^ 
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and  others  at  the  temperature  of  the  air.  Some  allow 
the  permanganate  to  act  for  a  few  minutes,  and  others 
for  hours,  on  the  water  under  examination.  Some  who 
employ  this  test  prepare  a  solution  by  dissolving  two 
grains  of  the  pure  salt  in  10^  oz.  of  distilled  water. 
Ten  minims  of  this  solution  is  said  to  yield  .^^  of  a 
grain  of  oxygen.  The  quantity  of  the  solution  required 
for  a  known  quantity  of  the  water  is  divided  by  10, 
the  result  giving  the  nimiber  of  thousandths  of  a 
grain  of  oxygen  consumed. 

B.  Qtuintitative  Examiruition, 

The  two  best  quantitative  processes  are  imdoubtedly 
that  for  many  years  practised  by  the  late  Dr.  Letheby, 
and  now  employed  by  Dr.  Tidy,  and  that  modification 
adopted  by  Drs.  Woods  and  F.  de  Chaumont,  which  in  my 
opinion  is  the  simpler  and  the  better.  Professor  Kubel's 
variety  of  the  pennanganate  of  potash  process  closely 
resembles  the  latter,  but  is  inferior  to  it. 

Drs.  Letheby  and  Tidi/s  Permanganate  of  Pota^ 
Quantitative  Process  of  Water  Analysis. 

The  following  mode  of  employing  the  permanganate 
of  potash  test  was  originally  devised  by  Dr.  W.  A. 
Miller  and  Mr.  V.  Harcourt,*  but  has  been  almost 
exclusively  practised  by  Dr.  Letheby  and  his  successor. 

Before  commencing  the  analysis  a  solution  of  the  Qtumtiu- 
sodic  hyposulphite  should  have  been  prepared  by  dis-  **^®^^* 
solving  5*4  grains  in  a  decigallon  of  distilled  water. 
As  a  solution  of  this  salt  readily  decomposes  even  in 
24  hours,  it  is  necessary  to  make  a  fresh  solution  very 

*  "  Obseirations  on  8ome  Points  in  the  Analysis  of  Potable 
Waters,"  in  Journal  of  Chemical  Society^  "May  1865,  Ser.  II.  vol.  iii. 
ptll7. 
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is  properly  performed,  a  single  drop  of  the  permanganate 
of  potash  solution  should  give  to  the  contents  of  each 
bottle  a  tinge  of  the  original  pink  colour.  Nitrites, 
which  immediately  decolourize  the  permanganate  of 
potash  solution,  are  supposed  to  be  estimated  by  noting 
the  amount  of  this  salt  decolourized  in  five  minutes,  a 
datum  from  which  the  quantity  of  oxygen  consumed  is 
easily  calculated.  At  the  end  of  an  analysis,  a  deduc- 
tion of  the  oxygen  thus  withdrawn  is  made  from  the 
total  amount  that  has  been  expended.  In  practice,  how- 
ever, the  nitrites  are  rarely  troubled  about.  Dr.  Tidy's 
assistant,  who  kindly  showed  me  how  to  work  the  pro- 
cess, and  who  performs  the  majority  of  his  analyses, 
does  not  estimate  the  nitrites  in  this  way,  and  make  the 
needful  correction.  Dr.  Tidy's  published  tables  of  his 
analyses  of  the  metropolitan  waters*  do  not  contain  a 
separate  determination  of  nitrites,  wherewith  the  results 
arrived  at  by  the  employment  of  the  permanganate  of 
potash  process  may  be  improved  in  accuracy.  The 
amount  of  oxygen  required  to  oxidize  the  organic  matter 
is  calculated  thus : — 

X  =  total  oxygen  required. 

y  =  oxygen  consumed  by  nitrites. 

z  =  oxygen  unused. 

X  -  (y  +  z)  =  oxygen  required  by  organic  matter, 
which  should  be  multiplied  by  8  or  9  when  metropolitan 
waters  are  imder  examination  (the  number  in  the  case 
of  other  waters  being  unknown),  in  order  to  obtain  the 
quantity  of  organic  matter. 

A  special  examination  is  directed  to  be  made  for  iron, 
and  a  deduction  be  allowed  for  its  amount,  which  is  in 
practice  rarely  carried  out. 

*  Vide  "The  Composition  and  Character  of  Water  supplied  to 
London  from  1868  to  1877/'  being  a  Report  to  the  Soc  of  Med.  Officers 
ofHedth.    1878. 
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r  Mules. — No  rales  have  been  laid  down  for  guidance 
''  B3  to  the  amount  of  otganic  matter  foiud  by  this  pro- 
cess, -wMcb  would  authorize  the  assertion  that  any  given 
sample  of  water  was  good,  bad,  or  indifferent.  Sole 
reliance  is  not  placed  on  its  indications,  apart  from  those 
afforded  by  a  determination  of  the  saline  (  =  free)  and 
organic  ( =  albuminoid)  ammonia  and  the  chlorides.  It 
will  b«  useful,  perhaps,  U)  give,  as  examples  of  fairly  good 
wateis,  the  following  analyses  of  metropolitan  supplies 
examined  in  part  by  the  permanganate  of  potasb  process : 

ITY   OF  TWO  Ot  THK   LoNDOM 

By  Db,  Tidy. 


t  eight  Hmu  the  uuount  ot  oijgen  nqnind  t7lt.~ 

If  Drs.  Letheby  and  Tidy's  modification  of  the  per- 
manganate of  potash  process  be  employed,  it  is  wise  to 
have  the  test  bottles  as  small  as  possible,  and  to  keep 
them  in  the  dark  during  the  three  hours  allotted  for  the 
action  of  the  permanganate,  as  an  exposure  to  air  and 
light  will  of  itself  decompose  this  salt. 

Brs.  Woods'  and  F.  Be  Chaummi'a  Permangaiuiie  of 
Potash  Proceaa. 
'         1.  Introduce  into  a  iiask  250  c.  c.  of  the  water  to  be 
examined,  and  add  to  it  about  6  c.  e.  of  dilute  sulphuric 
acid  (1  part  of  the  strong  pure  acid  to  10  parts  of  dis- 
tilled water).     Drop  into  the  acidified  water  a  solution 
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of  the  peimanganate  of  potash  ('395  gramme  of  the 
salt  dissolved  in  one  litre  of  distilled  water:  1  c.  c. 
yields  '1  of  a  milligramme  of  oxygen  in  presence  of 
acid)  sufficient  to  make  the  water  pink;  then  warm 
this  pink  mixture  up  to  140°  Fahr.,  taking  care  to  add 
more  permanganate  of  potash  solution  should  the  colour 
disappear  during  heating.  When  this  temperature  is 
reached,  take  away  the  lamp,  and  continue  adding  the 
permanganate  of  potash  solution,  imtil  a  pink  colour  is 
established  that  is  permanent  for  ten  minutes.  Note 
the  number  of  cub.  cents,  of  permanganate  of  potash 
solution  employed,  and  record  them  as  required  for  totai 
oxidiaable  matter, 

2.  Take  another  250  c.  c's  of  the  same  water,  and  add  Estimation 
to  it  5  c.  c's  of  dUute  sulphuric  acid.    Boil  the  acidified  ^J^^^^' 
water  for  twenty  minutes.     Allow  it  to  cool  down  to  matter  only. 
140**  F.,  and  then  test  with  permanganate  of  potash 
solution  as  before.    Eecord  the  amount  used  as  required 

for  axidizable  organic  maUer  only, 

3.  The  difference  between  the  amount  of  perman-  Estimation 
ganate  of  potash  solution  needed  in  the  first  and  second  ^i^*"*"* 
operations  represents  the  quantity  required  for  nitrous 

acid  only. 

Examples. 

Total  Oxidizahle  Matter. 

250  c.  c.  or  ^  litre  of  sample  of  water  employed. 
No.   1. — 4*2  c.  c.  of  permanganate  of  potash  solution 

required : — 42  x  4  =  16*8  c.  c.'s  per  litre. 
16-8  x-0001  (co-eflRcient  for  oxygen)  =-00168  or  168 

milligramme  of  oxygen  for  totai  oxidizahle  matter, 

Oxidizable  Organic  Matter. 
250  CO.  or  ^  litre  of  sample  of  water  employed. 
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No.  2. — 3*6  c.  c's  of  permangaoate  of  potash  solution 

required : — 3*6  x  4  =  14*4  c.  c.  per  litre. 
14-4  x-0001  (co-efficient  for  oxygen)  =00144  or  1-44 
milligramme  of  oxygen  for  the  oxidizahle  organic 
matter. 

Nitrous  Acid. 

The  difference  between  the  amount  of  total  oxidizahle 
matter  (1*68  milligramme  per  litre)  and  that  of  the 
organic  oxygen   (1*44   milligramme  per  litre)   is  "24 
milligramme  per  litre  of  oxygen. 
•24  X  2875  (co-efficient  to  convert  oxygen  into  nitrous 

acid)  =  '682  milligramme  of  nitrous  acid  per  litre. 

Total  Oxygen.  |  Organic  Oxygen.  |  Nitrona  Acid. 
MiUigramme  per  Litre. 

TeS^       I       r44  I     -682. 


The  permanent  pink  colour  established  by  adding  the 
permanganate  of  potash  solution  to  the  sample  of  water 
must  be  the  lightest  tint  distinctly  visible.  As  about 
6  c.  c.  of  the  solution  will  give  a  red  or  pink  colour  to  a 
litre  of  pure  water,  a  correction  for  colour  must  be 
made  when  great  accuracy  is  required.  This  correction 
would  amount  to  "06  of  a  milligramme  of  oxygen  in 
both  the  total  and  the  organic  oxygen.  Dr.  Woods' 
investigations,  on  which  this  process  is  based,  may  be 
foimd  in  the  Journal  of  the  Chemical  Society  for 
1861.  In  1868-1869,  Dr.  F.  de  Chaumont  made  other 
observations  which  improved  this  process,  by  showing : 
— (1)  that  when  water  polluted  with  sewage  was  boiled 
with  acid,  no  change  in  its  behaviour  with  perman- 
ganate of  potash  was  produced  ;  (2)  that  if  the  organic 
matter  in  it  was  mingled  with  nitrites,  all  of  the 
nitrous  acid  contained  in  them  could  be  boiled  away 
in  twenty  minutes,  without  material  loss  in  the  opera- 


■*^i»^,m^- 


NATURE  OF  THE  ORGANIC  MATTER.        35 

tion ;  and  (3)  that  the  reaction  of  the  mixture  equalled 
the  sum  of  the  reactions  of  the  two  estimated  separ- 
ately. 

It  has  been  found  that  the  action  of  permanganate 
of  potash  is  slow  and  imperfect  in  the  cold,  when  each 
equivalent  only  gives  oflf  three  instead  of  five  atoms  of 
oxygen,  but  that  the  organic  matter  is  acted  on  rapidly 
when  the  temperature  is  raised.  Dr.  F.  de  Chaumont, 
unlike  Drs.  Letheby  and  Tidy,  does  not  give  any 
judgment  respecting  the  amount  of  organic  matter  in 
a  water.  He  neither  declares  that  it  is  eight  or  nine 
(as  Dr.  Tidy  asserts)  nor  twenty  times  (as  Dr.  Woods 
stated)  the  amount  of  oxygen  of  which  the  perman- 
ganate of  potash  is  robbed,  as  the  proportion  is  no 
doubt  variable;  for  the  organic  matter  may  be  of 
different  kinds  originally,  or  in.  different  stages  of 
oxidation.  He  simply  and  solely  furnishes  the  amount 
of  oxygen  used  up  by  the  organic  matter.  The 
correction  necessary  in  consequence  of  the  action  of 
permanganate  of  potash  on  iron  is  but  seldom  made  in 
practice  on  account  of  the  infrequent  (?)  occurrence  of 
this  metal  in  drinking  water.  When,  however,  this 
correction  is  made,  the  iron  is  separated  by  careful 
concentration,  and  the  employment  of  the  colorimetric 
test  with  ferrocyanide  of  potassium. 

The  only  other  body  likely  to  be  present  in  a  water 
which  would  affect  the  permanganate  of  potash,  is 
hydrogen  sulphide,  which  can  easily  be  detected  by 
smelling  the  water  after  violent  agitation  of  it.  This 
gas  should  be  expelled  by  gently  warming  the  water 
before  the  analysis  is  commenced. 

litUea. — 1.  A  good  water  contains  of  organic  oxygen  BniMfbr 
less  than  10  milligramme  per  litre.  gauuno^ 

2.  A  usable  water  contains  of  organic  oxygen  more 
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than  I'O  miUigramme  per  litre,  and  less  than  1"5 
miUigramme  per  litre. 

3.  A  suspicious  water  contains  of  organic  oxygen 
more  than  1*5  and  less  than  2*0  milligrammes  per  litre. 

4.  A  bad  water  contains  of  organic  oxygen  more 
than  2*0  milligrammes  per  litre. 

5.  Nitrites  ought  to  be  absent  from  good  and  usable 
waters ;  their  presence  makes  waters  suspicious,  and  if 
in  marked  quantity  a  water  should  be  pronounced  to 
be  had, 

itionfl.  The  Objections  to  the  Permanganate  of  Potash  Test, 
applied  in  the  best  quantitative  manner,  may  be  thus 
summarized : — 

1.  Permanganate  of  potash  readily  oxidizes  salts  of 
iron,  nitrites,  and  hydrogen  sulphide,  which  are  found 
in  drinking  water  not  uncommonly.  If  the  last  named 
can  be  altogether  expelled  by  warming  the  water  before 
it  is  analyzed,  the  ferrous  salts  and  the  nitrites  require 
to  be  separately  estimated  and  the  needful  deductions 
made. 

2.  This  test  does  not  allow  us  to  distinguish  be- 
tween animal  and  vegetable  organic  matter  in  a  definite 
and  measurable  way.  Animal  is  considered  to  be 
more  easily  acted  on  than  vegetable  organic  matter, 
but  this  distinction  is  inaccurate  and  unsatisfactory. 

3.  It  does  not  affect  urea,  kreatin,  sugar,  gelatine  or 
fatty  matters. 

8. — The  Wanklyn,  Chapman,  and  Smith  Process, 

consists  in  the  estimation,  by  means  of  Nessler*s  test,  of 
the  amount  of  ammonia  present  in  a  water  before  and 
after  it  is  distilled  with  a  solution  of  permanganate  of 
potash  and  a  large  excess  of  caustic  potash — a  mixture 
which  possesses   the  property  of   converting  organic 
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matter  into  ammonia.  Kessler's  test,  named  after  its 
discoverer,  is  an  alkaline  solution  of  the  iodide  of 
mercury  (vide  recipe  on  page  173),  and  is  capable  of 
detecting  1  part  of  ammonia  in  20,000,000  parts  of 
water.  The  addition  of  Nessler  test  to  the  distillate  of 
a  water  containing  ammonia  is  attended  hj  the  pro- 
duction of  a  yellowish  brown  or  amber  tint,  similar  to 
that  of  sherry,  due  to  the  formation  of  the  iodide  of 
tetramercurammonium,  the  depth  of  which  is  measured, 
as  it  varies  according  to  the  amount  of  ammonia  present. 
Some  consider  that  it  is  only  sufficient  to  add  a  small 
quantity  of  the  Nessler  test  to  the  water  to  be  examined 
for  organic  matter,  and  that  the  depth  of  the  brownish 
tint  produced  exhibits  the  amount  of  organic  impurity. 
The  Nessler  test  ia  simply  a  test  for  ammonia,  and  is 
not  a  test  for  organic  matter  until  that  organic  matter 
has  been  converted  into  ammonia,  by  boiling  it  with  per- 
manganate of  potash  and  a  large  excess  of  caustic 
potash. 

Distillation  of  the  water  to  be  examined  for  ammonia 
adds  to  the  delicacy  of  the  process,  for  ammonia  admits 
of  concentration,  and  minute  quantities  are  more  visible 
in  a  smaU  quantity  of  water  than  in  double  the  amount. 
Distillation,  moreover,  by  the  separation  of  the  salts  in 
a  water,  such  as  magnesium  chloride,  etc.,  prevents  the 
milkiness,  often  created  on  the  addition  of  the  Nessler 
re-agent,  which  interferes  materially  with,  if  it  does  not 
altogether  prevent,  a  correct  estimation  of  the  quantity 
of  ammonia  contained  in  a  water.  I  cannot  too  strenu- 
ously urge  on  analysts  the  importance  of  the  relation 
between  the  free  ammonia  in  a  water  and  that  developed 
by  the  caustic  and  permanganate  of  potash  solution,  for 
on  it  is  mainly  based  the  indication  as  to  the  kind  of 
organic  matter  contained  in  a  water.     The  manner  in 


Qonla. 


38  THE  DETERMINATION  OF  THE  AMOUNT  AND 

which  the  ammonia  distils  over  is  a  matter  also  of 
importance ;  but  both  of  these  subjects  will  more  pro- 
perly be  discussed  in  the  chapter  entitled,  "  The  For- 
mation of  an  Opinion,  and  Preparation  of  Eeport,"  page 
150.  Before  describing  this  process  it  will  be  useful 
to  direct  attention  to  the  apparatus,  chemicals,  and 
solutions  required,  vide  pages  41  and  173.  It  is  very 
important  that  the  greatest  cleanliness  should  be  secured 
in  the  following  chemical  operations.  The  distilled 
water  employed  for  the  final  washings  of  the  glass  vessels, 
and  for  all  other  purposes,  should  give  no  coloration  with 
Nessler  test,  otherwise  it  should  be  redistilled. 

The  process  consists  of  two  distinct  stages — ^the 
estimation  of  the  free  ammonia,  and  the  calculation  of 
the  amount  of  albuminoid  ammonia,  alias  the  organic 
matter. 


Estimation  of  the  Amount  of  Free  Amm^mia,  called  hy 
some  the  Actual  o?*  the  Saline  Ammxmia. 

Distil  a  little  distilled  water  through  the  apparatus 
in  order  to  thoroughly  cleanse  it.  If  we  know  it  to  be 
clean,  it  will  be  sufficient  to  wash  out,  by  means  of  the 
Gmelin's  wash  bottle,  the  glass  tube  of  the  liebig  con- 
denser with  a  little  distilled  water.  Fit  the  tube  of  the 
retort  carefully  to  the  tube  of  the  condenser  either 
through  the  medium  of  an  adapter,  vide  fig.  3,  or  by 
means  of  a  packing  of  paper.  The  best  plan,  perhaps, 
is  to  select  a  retort  which  possesses  a  small  tubular 
portion,  around  which  a  strip  of  clean  writing  paper  is 
rolled,  sufficient  to  make  it  screw,  not  too  firmly,  other- 
wise there  will  be  a  fracture,  into  the  condenser  tube.  It 
is  very  important  to  make  this  junction  secure,  so  as  to 
prevent  the  loss  of  steam.     Place  a  half  litre  =  500 
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cub.  cents,  of  the  water  to  be  examined  in  the  retort  by 
the  aid  of  a  perfectly  clean  funnel  to  prevent  spilling. 
If  the  operator  can  introduce  the  sample  into  the  retort 
without  losing  a  single  drop  it  is  best  to  dispense  with 
the  funnel,  for  it  is  an  additional  article  to  keep  clean. 
Before  returning  the  stopper  to  the  retort  throw  a  jet 
of  distilled  water  on  it  with  the  wash  bottle.  Distil 
over  into  a  Kessler  glass  50  cub.  cents.  Add  to  the 
distillate  by  means  of  a  bulb  pipette  2  cub.  cents,  of 
Nessler  test  If  it  contains  ammonia  a  yellowish  brown 
or  amber  colour  is  produced,  the  deeper  the  colour  the 
more  ammonia  being  contained  in  it.  If  the  amoimt  of 
ammonia  be  very  small  the  tint  will  be  that  of  straw. 
Imitate  the  depth  of  tint  by  mixing  in  a  Nessler  glass 
with  50  cub.  cents,  of  distilled  water  more  or  less  of  the 
dilute  standard  solution  of  ammonia  contained  in  the 
burette  and  add  2  cub.  cents,  of  Nessler  test  Wait 
always  about  three  minutes  for  the  colour  to  be  developed. 
Nessler  re-agent,  which  takes  a  longer  time  to  produce 
its  maximum  tint,  is  not  sufficiently  sensitive.  (To  make 
Nessler  test "  quick  "  add  a  little  cold  saturated  solution 
of  corrosive  sublimate  to  it.)  If  the  tint  of  the  pre- 
pared standard  of  ammonia  be  too  light,  add  to  the 
prepared  standard  so  much  of  the  standard  ammonia 
solution  contained  in  the  burette  as  is  deemed  to  be 
sufficient  to  match  the  tint  of  the  Nesslerized  distillate. 
If  the  colour  of  the  prepared  standard  be  too  dark, 
make  up  a  fresh  standard  containing  less  ammonia.  In 
conducting  these  colour  test  comparisons  it  is  always 
desirable  that  the  waters  contrasted  should  be  about  the 
same  temperatura  The  second,  third,  and  fourth,  50 
cub.  cents,  that  distil  over  may  be  thrown  away.  It  is 
not  necessary  to  Nesslerize  each  of  them,  for  the  first 
distillate  invariably  contains  f  ths  of  the  total  quantity 
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of  ammonia.     We  simply  add  to  it  Jd  in  order  to 
arrive  at  the  sum  total,  e,g, — 

If  the  first  distillate  contains  *09  milligramme  in  \  litre 
Add  J      .  .         -03 

Total  quantity  in  the  \  litre  *12  milligramme  = 
•24  milligramme  per  litre  or  part  per  miUioiL 

If  the  water  under  examination  possesses  much 
saline  matter,  or  is  very  hard,  as  is  shown  by  the  furring 
of  the  sides  of  the  retort  during  distillation,  or  by 
**  bumping"  of  the  water,  test  the  third  distillate  of  50 
cub.  cent  for  ammonia  by  adding  2  c.  c.  of  Nessler  re- 
agent. If  it  exhibits  no  colour  whatsoever,  showing  that 
all  the  ammonia  has  come  ofT,  stop  the  distillation.  It 
is  not  wise  to  still  further  concentrate  the  water  by 
removing  a  fourth  distillate  of  50  cub.  cent,  as  is 
customary,  unless  absolutely  necessary,  for  the  "  bump- 
ing "  may  become  so  great  during  the  second  stage  of 
the  process  as  to  fracture  the  apparatus.  Of  course,  if 
ammonia  is  found  to  be  still  coming  oflf  on  testing  the 
third  distillate  of  50  cub.  cent,  with  Nessler  re-agent, 
the  distillation  must  be  continued  until  the  fourth 
distillate  of  50  cub.  cents,  has  passed  over.  Eemove 
the  Bunsen's  burner.  We  have  now  300  cub.  cents., 
or,  if  we  in  certain  exceptional  cases  remove  only  three 
distillates  (each  of  50  cc's),  350  cub.  cents,  left  in 
the  retort. 

The  Liebig's  condenser  should  now  be  filled  with 
cold  water,  which  will  displace  that  contained  in  it 
which  is  hot. 

«»*»»•  Estimation  of  the  Amount  of  "  Albuminoid  Ammonia*^ 
lia."       alias  Organic  Matter,  called  also  Organic  Ammonia^ 

The  second  stage  in  the  process  commences  by  measur- 
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ing  out  in  a  Nessler  glass  (kept  solely  for  this  purpose) 
50  cub.  cents,  of  the  caustic  potash  and  permanganate 
of  potash  solution,  and  by  adding  it  to  the  hot  water 
in  the  retort.  Eeplace  the  stopper  and  the  Bunsen's 
burner.  Give  the  contents  of  the  retort  a  wavy  motion, 
or,  better  still,  a  rotatory  motion,  by  gently  moving  the 
retort  on  its  stand,  so  as  to  prevent  "  bumping,"  and 
again  distil.  Sometimes  highly  saline  waters  "  bump  " 
so  exceedingly  as  to  threaten  an  accident.  Never  let 
the  mixture  assume  the  appearance  of  a  calm,  for  it 
portends  a  storm,  in  the  shape  of  a  sudden  bursting  into 
bubbles  and  boiling  upwards  of  the  contents.  Seep 
the  fluid  always  in  motion,  and  see  that  the  stopper  of 
the  retort  is  securely  fixed.  Some  persons,  in  dealing 
with  such  waters,  drop  into  the  retort  scraps  of  tobacco- 
pipe,  or  bits  of  recently  ignited  pumice-stone,  to  lessen 
this  "bumping."  The  objection  to  this  practice  is, 
that  we  may  inadvertently  introduce  sources  of  error, 
for  these  substances  may  contain  organic  impurities. 
It  is  a  good  plan  in  some  cases  to  incline  the  neck  of 
the  retort  upward,  so  that  the  liquid  spirted  up  may 
fall  back  into  that  from  which  it  is  ejected.  It  is  very 
needful  to  prevent  this  "  bumping,"  apart  from  the 
danger  of  fracture ;  for,  if  the  colouring-matter  of  the 
permanganate  of  potash  be  carried  over  into  the  distil- 
late, the  colour  usually  produced  by  the  Nessler  re-agent 
is  somewhat  altered,  and  it  then  becomes  difficult,  if 
not  impossible,  to  measure  its  depth  of  tint.  Three 
distillates,  each  of  50  cub,  cents.,  must  be  taken  off, 
and  each  must  be  carefully  Nesslerized.  The  colour  of 
each  distillate  must  be  matched  exactly  in  the  manner 
above  laid  down  when  describing  the  mode  of  estimat- 
ing the  amount  of  free  ammonia,  by  adding  a  certain 
known  quantity  of  the  dilute  standard  solution  of  am- 
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monia  contained  in  the  burette,  to  50  cub.  cents,  of 
distilled  water  in  a  Nessler  glass. 

The  comparison  between  the  colour  of  the  standard 
and  the  distillate  is  made  by  placing  the  Nessler  glasses 
on  the  white  porcelain  tile,  and  by  looking  down 
through  the  columns  of  fluid  on  to  the  tile.  The 
amount  of  the  dilute  standard  solution  of  ammonia 
employed  to  match  the  tint  of  the  distillate  represents 
the  amount  of  aiomonia  in  the  distillate. 

For  example,  if  the  amount  of  dilute  standard  solu- 
tion of  ammonia  required  to  match  the  tint  of  the 

1st  distillate  be  5  c.  c. 
2d        ^         „  3  c.  c. 

3d        „         „  1  c.  c.  we  arriye  at  these  figures : —    , 
Alb.  Ammonia         .         .         .         .     *05 

•03 

•01 

Total         .         -09 

B^inners  find  it  troublesome  at  first  to  match  the  PwpM»ti<m 
colour,  without  making  up  several  standards  containing 
different  proportions  of  the  standard  dilute  solution  of 
ammonia.  It  has  been  suggested  by  some  that  strips 
of  glass,  and  by  others  discs,  should  be  manufactured 
of  the  various  depths  of  the  sherry  or  amber  colour, 
corresponding  to  the  different  tints  developed  by  the 
Nessler  re-agent,  with  definite  quantities  of  the  dilute 
stcmdard  solution  of  ammonia.  If  such  could  be  pre- 
pared 80  as  to  indicate  accurately  the  various  shades, 
a  great  saving  of  time  might  be  effected.  At  one  time 
I  employed  a  dozen  stoppered  standard  comparison 
bottles,  of  a  capacity  of  about  50  cub.  cents.  Each 
bottle  was  provided  with  known  and  different  quanti- 
ties of  the  dilute  standard  solution  of  ammonia,  and 
immediately  filled  up  with  twice  distilled  water.     One 
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cub.  cent.,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  and  23 
cub.  cents,  were  the  amounts  of  the  standard  ammonia 
selected.  To  the  contents  of  ecwh  bottle  2  cub.  cents, 
of  Nessler  test  were  added.  The  weakest  standard 
contained  1  cub.  cent.,  and  the  strongest  23  cub.  cents., 
of  the  dilute  standard  solution  of  ammonia.  In  making 
an  analysis,  the  contents  of  the  bottle  or  bottles  that 
are  considered  likely  to  match  the  tint  of  the  distillate, 
are  poured  into  a  Nessler  glass,  and  at  its  conclusion 
are  replaced.  These  solutions  slowly  absorb  ammonia, 
and  get  slightly  darker  in  time,  or  they  decompose, 
losing  their  colour  and  precipitating  red  iodide  of  mer- 
cury.  Sometimes  they  become  turbid,  and  sediments  are 
deposited.  Dr.  Mills'  portable  colorimeter*  has  been 
employed  for  estimating  the  tints  of  the  distillates,  as 
well  as  for  that  of  degrees  of  turbidity,  but  is,  I  find, 
of  little  help.  Although  one  of  these  instruments 
stands  in  my  laboratory,  it  is  never  used.  These  sup- 
posed helps  waste  much  time,  and  are  not  so  accurate 
as  the  old  plan  of  preparing  a  fresh  standard  solution 
when  wanted.  Practice  very  soon  enables  the  water 
analyst  to  guess  very  closely  the  amount  of  the  stan- 
dard solution  of  ammonia  which  he  will  require  to  match 
any  given  tint,  so  that  he  does  not  often  find  the  neces- 
sity of  making  up  a  second  standard.  I  woidd  recom- 
mend the  Medical  Ofl&cer  of  Health  to  make  himself  by 
practice  skilful  in  matching  tints  ratiier  than  rely  on 
instruments  as  aids.  The  tapped  graduated  Nessler 
glasses,  introduced  by  Mr.  Hehner,  are  useful  to  the 
novice,  or  when  rough  calculations  are  alone  requisite. 
Sometimes  a  water   yields  equal  instead  of   decreas- 

*  Described  in  JFVoc.  of  Olasgow  Fhilosoph.  Socy.,  March  12,  1877. 
The  instrument  is  made  by  Cetti  &  Co.,  of  Brooke  Street,  Holbom, 
London. 
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ing  quantities  of  ammonia,  so  that  it  is  almost  im- 
possible to  extract  all  the  ammonia  from  a  water 
before  the  distillation  is  at  an  end.  In  such  cases  it 
is  good  policy,  as  has  been  pointed  out  by  Mr.  Sidney 
Kich,*  to  Nesslerize  the  first  50  cub.  cents.,  and  to  return 
into  the  retort  the  succeeding  150  cub.  cents,  that  are 
distilled  over,  of  course  Nesslerizing  the  distillate  or 
distillates  procured  by  this  redistillation.  It  is  of  no 
practical  utility,  in  making  sanitary  analyses  of  water, 
to  estimate  the  amount  of  ammonia  derived  from 
organic  matter  that  is  in  excess  of  *50  milligramme  per 
^  litre  =  1  milligramme  per  litre,  as  that  quantity  is  so 
mucli  more  than  is  sufficient  to  condemn. 

The  process  is  now  at  an  end.  AUow  the  retort  to 
remain  uncleansed  imtil  another  analysis  is  to  be  made, 
when  the  fur  should  be  removed  by  strong  hydrochloric 
acid  and  an  abundance  of  water.  As  half  a  litre  has 
been  taken  for  analysis,  multiply  the  results  by  2,  in 
order  to  make  them  give  the  proportion  for  the  litre.  In 
the  foregoing  analysis,  then,  the  results  are  the  following : 

Free  ammonia,  *24  milligramme  per  litre=part  per  million. 

Albuminoid  ammonia,  *18  do.  do. 

I  should  like  to  indelibly  print  on  the  minds  of  all 
water  analysts  the  following  truth  : — If  you  rely  solely 
on  the  indications  of  this  process  you  will  sometimes 
come  to  a  correct  conclusion  as  to  the  quality  of  a 
water,  but  very  often  a  mistake  will  be  made.  Couple 
the  evidence  afforded  by  it  with  other  evidence  of  a 
chemical  and  microscopical  character,  and  an  error  will 
never  be  committed.  I  regard  this  process  as  a  most 
valuable  aid  to  the  formation  of  an  opinion  by  the 
medical  officer  of  health  as  to  the  nature  of  a  water, 

*  Chemical  News,  June  9,  1876. 
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as  indispensable  indeed  as  is  auscultation  to  the  physi- 
cian in  the  diagnosis  of  lung  and  heart  diseases.  The 
evidence  afforded  by  the  stethoscope  is  brought  by  him 
in  juxta-position  to  other  evidence  bearing  on  the  same 
point,  and  an  opinion  is  formed  from  the  sum  total  of 
all  the  evidence  which  is  forthcoming.  No  physician 
dreams  of  relying  solely  on  the  character  of  the  sounds 
heard  from  the  lung  by  his  ear,  and  of  shutting  himself 
away  from  all  other  sources  of  information.  It  appears 
that  a  member  of  the  Society  of  Public  Analysts,  who 
holds  two  public  analytical  appointments,  believes  that 
the  determination  of  the  free  and  sJbuminoid  ammonia 
is  all  that  is  necessary  for  forming  an  opinion  on  the 
quality  of  a  drinking  water,  and  he  pronounces  a  ver- 
dict solely  on  the  evidence  afforded  by  these  two  esti- 
mations. Mr.  Allen  points  out,^  as  I  have  on  several 
occasions,  the  absurdity  of  such  a  proceeding,  for  the 
rain-water  of  country  places  would  certainly  be  con- 
demned as  polluted  with  filth  by  such  an  analyst 

»oi«^  Rides, 

The  following  are  the  most  recent  rules  which  have 
been  laid  down  by  Mr.  Wanklyn  for  the  guidance  of 
those  who  work  this  process : — 

He  writes  :t  "If  a  water  yield  '00  parts  of  albu- 
minoid ammonia  per  million,  it  may  be  passed  as 
organically  pure,  despite  of  much  free  ammonia  and 
chlorides ;  and  if,  indeed,  the  albuminoid  ammonia 
amounts  to  '02,  or  to  less  than  05  parts  per  million, 
the  water  belongs  to  the  class  of  very  pure  water. 
When  the  albuminoid  ammonia  amounts  to  '05,  then 

*  *'  On  some  Points  in  the  Analysis  of  Water,  and  the  Interpretation 
of  the  Kesulto  ; "  by  A.  H.  Allen.     The  Analyst,  July  1877,  p.  61. 
t  Water  Analysis.     Fourth  Edition,  p.  53. 
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the  proportion  of  free  ammonia  becomes  an  element  in 
the  calculation;  and  I  should  be  inclined  to  regard 
with  some  suspicion  a  water  yielding  a  considerable 
quantity  of  free  anmionia,  along  with  more  than  '05 
parts  of  albuminoid  ammonia  per  million.  Free  am- 
monia, however,  being  absent,  or  very  small,  a  water 
should  not  be  condemned  unless  the  albuminoid 
ammonia  reaches  something  like  10  per  million.  Al- 
buminoid ammonia  above  10  per  million  begins  to  be 
a  very  suspicious  sign ;  and  over  15  ought  to  condemn 
a  water  absolutely." 

Objections,  Otdectlom. 

Several  objections  have  been  uiged  against  this 
process,  the  principal  of  which  are : — 

1.  The  fact  that  the  whole  of  the  nitrogen  is  not 
obtained.  A  certain  definite  percentage  of  the  total 
nitrogen  is  as  good  a  datum  to  work  on  as  the  total 
nitrogen  itself,  provided  the  results  are  constant,  which 
the  inventors  have  affirmed  them  to  be. 

2.  That  the  amount  of  ammonia  obtainable  from 
albumen  by  the  action  of  alkaline  permanganate  is  in- 
fluenced by  the  degree  of  concentration  of  the  solution 
and  the  rate  of  distillation.  Mr.  Wanklyn  has  stated  most 
positively  that  the  yield  of  ammonia  is  not  affected  by 
these  circumstances,  and  in  proof  of  this  assertion  refers 
to  a  set  of  experiments  published  by  himself  in  1867. 

3.  "If  20  grains  of  urea  were  present  in  a  gallon  of 
water,"  writes  Mr.  Wigner,^^ "  the  sample  would  be  passed 
by  Wanklyn,  Chapman,  and  Smith's  process  as  abso- 
lutely pure."  It  is  well  known  that  fresh  urea  is  not 
decomposed  into  ammonia  by  distilling  without  or  with 
the  mixture  of  caustic  potash  and  potassium  perman- 

*  Analyst,  March  1878. 
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ganate,  but  urea  in  a  fresh  condition  in  a  drinking  water 
can  hardly  ever  occur.  The  ready  fermentation  of  urea 
into  carbonate  of  ammonia  is  a  peculiarity  of  urea.  The 
rapidity  with  which  this  change  takes  place  is  such  that, 
in  the  examination  of  drinking  waters  which  are  polluted 
with  urine,  we  may  be  pretty  confident  that  sufficient 
of  the  urea  has  been  decomposed  before  the  water 
reaches  our  distilling  apparatus  to  give  a  large  excess 
of  ammonia. 

9. — The  Frankland  and  Armstrong  Process. 

This  process,  which  is  based  upon  the  principle, 
that  when  the  residue  on  evaporation  of  the  water  is 
burned  with  oxide  of  copper,  nitrogen  and  carbonic 
acid  are  eliminated  from  the  organic  matter,  consists 
in  the  determination  of  the  amoimt  of  organic  nitrogen 
and  organic  carbon  by  a  measurement  of  the  respective 
volumes  of  these  gases. 

The  late  Professor  Parkes,  in  his  text-book  on  Prcuc-- 
tical  Hygiene  (fourth  edition),  writes  respecting  it : — 
"  This  plan  requires  so  much  apparatus,  time,  and  skill, 
as  to  be  quite  beyond  the  reach  of  medical  officers,  and 
it  would  also  appear  that  in  the  hands  of  even  very  able 
chemists  it  gives  contradictory  results ;  *  the  quantities 
are  in  fact  so  small,  and  the  chances  of  error  so  re- 
peated  that,  in  its  present  form,  this  reaUy  beautiful 
plan  seems  not  adapted  for  hygienic  water  analysis.  It 
is  also  difficult  to  know  what  construction  should  be 
put  on  the  results ;  a  water  containing  much  non-nitro- 
genous organic  matter  may  give  a  very  much  larger 
amount  of  *  organic  carbon '  than  a  water  containing  a 
much  smaller  amount  of  nitrogenous  matter,  and  yet  be 
much  less  hurtfuL" 

*  The  italics  are  mine. 
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This  method  is  generally  admitted  to  be  attended 
with  a  high  experimental  error,  and  is  considered  by 
some  as  yielding  illusory  results. 

As  it  is  quite  unadapted  to  the  wants  of  the  health 
officer,  I  shall  not  here  describe  the  process,  but  must 
refer  my  readers  to  Sutton's  Volumetric  Analysis, 
3d  edit,  p.  293;  or  Dr.  T.  E.  Thorpe's  Quantitative 
Chemical  Analysis,  p.  299.  Some  idea  may  be  formed 
of  the  cumbrous  and  complicated  nature  of  the  process 
by  glancing  at  the  engravings  in  these  works  of  two  of 
the  principal  pieces  of  apparatus  employed.  The 
smaller  is  a  Sprengel's  Pump,  which  is  attached  to  the 
combustion  tube  in  which  the  solid  residue  is  burnt 
with  o^de  of  copper  in  a  furnace.  The  larger  ia  the 
apparatus  employed  for  the  analysis  of  the  gases  thus 
obtained.  Any  one  who  is  practically  acquainted  with 
modem  quantitative  analysis  can  learn  this  process  in 
about  a  month.  The  large  majority  of  medical  men 
who  are  not  provided  with  this  foundation  would  re- 
quire a  six  months'  course  in  chemistry  to  prepare  them 
for  learning  this  process  of  water  analysis.  Again,  the 
cost  of  the  apparatus  is  a  considerable,  although  of 
course  not  an  insuperable,  obstacle  to  its  employment, 
being  as  much  as  thirteen  guineas.  Professor  M^Leod's 
apparatus  for  gas  analysis,  which  is  considered  to  be  an 
improvement  on  Dr.  Frankland's,  is  still  more  complex, 
and  twice  as  costly,  being  £26  :  5s. 

The  certificate  of  an  analysis  made  by  Dr.  Frank- 
land's  elaborate  process  is  about  as  incomprehensible  as 
the  process  itself  to  all  who  are  not  chemical  experts 
or  analysts.  Members  of  Sanitary  Authorities  and 
their  medical  officers  often  find  these  certificates  per- 
fectly unintelligible,  although  they  are  accompanied  by 
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explanatory  notes  for  their  interpretation.  Can  any- 
thing be  more  confusing  to  the  public  than  the  contents 
of  the  column  headed  "Previous  Sewage  or  Animal 
Contamination  "  ?  I  recently  saw  one  of  his  certificates 
of  an  analysis  of  an  exceUent  spring  water,  which  con- 
tained  in  this  column  the  numbers  171,0,  which  was 
accompanied  by  the  following  remark : — "  As  this  is 
spring  water  the  evidence  of  previous  sewage  contamina- 
tion which  it  exhibits  may  be  safely  disregarded."  The 
expression  "  Previous  Sewage  or  Animal  Contamination'' 
is  a  very  unfortunate  one,  for  it  has  given  rise  to  an 
endless  amount  of  misconception. 

Animal  matters  in  passing  through  the  pores  of 
clean  soil  become  oxidized  and  converted  into  ammonia, 
nitrates,  and  nitrites,  which  are  harmless.  This  oxida- 
tion, in  other  words  this  beneficial  cleansing  power  of 
earth,  does  not  continue  for  an  indefinite  period.  Soil 
is  liable  to  be  in  time  overdone  with  filth,  and  is  then 
unable  to  carry  on  this  purifying  action,  so  that  the  ani- 
mal matters  pass  through  it  imchanged.  Its  particles  re- 
quire rest  and  free  exposure  to  the  air,  before  it  recovers 
its  expended  power.  Earth  becomes  relieved  of  the 
products  of  this  dressing  with  filth  by  means  of  vege- 
tation, which  greedily  incorporates  them  into  its  sub- 
"Previooi  stance.  "  Previous  Sewage  or  Animal  Contamination" 
taDiut^''  ^^^^»  is  the  record  of  the  past  history  of  the  water,  being 
the  sum  total  of  the  products  of  animal  matter  that 
have  been  oxidised,  namely,  the  ammonia,  the  nitrates, 
and  nitrites.  This  total,  after  the  removal  of  the  average 
amount  of  ammonia  in  rain,  is  represented  as  the  mineral 
residue  of  the  previous  animal  contamination  of  the 
water,  in  terms  of  average  London  sewage,  100,000 
parts  of  which  are  roughly  estimated  to  contain  10 
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parts  of  these  three  nitrogenous  matters.  Here  is  an 
example  of  the  manner  in  which  the  figures  in  this 
column  are  arrived  at : — 

Nitrogen  as  nitrates  and  nitrites    .         .     6*911 
Ammonia ......       *009 

6-913 
Deduct  for  ammonia  in  rain  .         .       *032 

6-881 

Add  0  and  remove  decimal  point,  and  the  figures 
58810  are  arrived  at,  which  represent  the  "previous 
sewage  or  animal  contamination.''  Or  it  may  be 
calculated  by  multiplying  the  sum  of  the  quantities  of 
nitrogen  present  as  nitrates,  nitrites,  and  ammonia,  by 
10,000,  and  by  subtracting  320  from  the  result 
Some  of  Dr.  Frankland's  disciples,  perceiving  doubtless 
the  extreme  liability  to  the  misunderstanding  of  this 
expression,  have  omitted  or  altered  it ;  for  example.  Dr. 
C.  Brown's  certificates  do  not  contain  this  column, 
whilst  Mr.  W.  Thorp  has  substituted  the  term  "  total 
inorganic  nitrogen,"  which  corresponds  with  Dr.  Frank- 
land's  "previous  sewage  contamination,"  minus  the 
deduction  for  the  ammonia  in  rain.  The  "  total  com- 
bined nitrogen  "  of  these  chemists,  is  the  sum  of  (1)  the 
oiganic  nitrogen;  (2)  the  nitrogen  as  nitrates  and 
nitrites ;  and  (3)  the  anmionia. 

Bides,  Bolet. 

It  is  useful  for  medical  officers  of  health  and  other 
gftnitAriRna  to  remember  the  following  ndes,^  which 

^  Sixth  Report  of  the  River  Pollution  Commission,  1874,  and  W. 
Thorp's  Article  on  Water  Analysis  in  Sutton's  Folumelrie  AnaXyHi, 
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guide  those  who  employ  this  process,  in  order  that  they 
may  be  able  to  interpret  the  results : — 
QuMtitj.  Qvuntity  of  Organic  Carbon  and  Organic  Nitrogen, — 

"  The  weight  of  the  organic  carbon  found  in  different 
samples  of  water  indicates  the  amount  of  organic  matter 
with  which  the  water  is  contaminated,  but  it  does  not 
reveal  the  source,  animal  or  vegetable,  whence  that 
organic  matter  is  derived." 

"Caeteris  paribus,  the  smaller  the  proportion  of 
organic  carbon  the  better  the  quality  of  the  water." 

"  K  the  source  of  the  organic  matter  be  altogether 
vegetal  a  larger  proportion  of  organic  carbon  than  '2 
part  in  100,000  parts  of  water  is  undesirable,  because 
it  renders  the  water  slightly  bitter  and  unpalatable. 
A  larger  proportion  of  organic  carbon  if  it  be  contained 
in  animal  matter  does  not  interfere  with  the  palatability 
of  the  water,  but  it  exposes  the  consumer  to  the  risk 
of  infection." 

"  The  determination  of  the  organic  nitrogen,  taken 
in  connection  with  that  of  the  organic  carbon,  tells  us 
often  as  to  whether  the  organic  matter  is  of  animal  or 
vegetable  origin.  This  information  is  supported  by 
that  obtained  by  a  chemical  investigation  as  to  the 
previous  history  of  the  water,  as  revealed  by  the  pro- 
portions of  the  chief  products  derived  from  sewage  and 
animal  matters,  ncLmely,  the  ammonia,  nitrates,  nitrites, 
and  chlorine." 

Vegetable  organic  matter  is  far  from  being  destitute 
of  nitrogen ;  for  instance,  peat  contains  much  of  it. 

Good  drinking  water  should  not  contain  more  than 
•2  part  of  organic  carbon  and  '02  part  of  organic 
nitrogen  per  100,000  parts  of  water. 

When  the  quantities  of  organic  carbon  and  organic 
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nitrogen  exceed  2*0  and  0*5  parts,  respectively,  the 
sample  may  be  considered  as  belonging  to  the  class  of 
sewages,  the  intermediate  quantities  indicating  various 
degrees  of  pollution.  Sewage  usually  contains  about  four 
parts  of  organic  carbon  and  two  parts  of  organic  nitrogen* 

JRcUio  of  Organic  Carbon  to  Organic  Nitrogen, —  lutio. 
When  the  organic  matter  is  of  vegetable  origin  the 
ratio  is  very  high,  and  when  of  animal  origin  it  is  very 
low.  As  a  qualification  of  this  statement,  it  should  be 
said  that  in  the  case  of  unoxidised  peaty  waters  the 
ratio  is  diminished  by  oxidation ;  and  in  the  case  of 
waters  polluted  by  organic  matter  of  animal  origin  a 
reverse  action  takes  place,  the  ratio  being  increased  by 
oxidation.  In  peaty  waters  the  ratio  may  amount  to 
as  much  as  20.  In  sewage  it  varies  from  1  to  3. 
In  unpolluted  upland  surface  waters  the  ratio  fluctuates 
from  about  6  to  12,  and  in  water  from  shallow  wells 
from  2  to  8.  The  ratio  in  water  for  domestic  supply 
may  vary  from  5  to  12,  and  that  in  polluted  river 
water  from  3  to  5. 

Previous  Sewage  or  Animal  Contamination. — If  the  "Pwrioui 
water  be  derived  from  a  deep  seated  spring  or  a  deep  ^^SScon- 
well,  and  the  previous  sewage  contamination  does  not  taminatton.- 
exceed  10,000  parts  in  100,000  parts  of  water  it  is 
reasonably  safe,  provided  all  contaminated  surface  water 
has  been  rigidly  excluded  from  the  well  or  spring. 

River  or  flowing  water  which  exhibits  any  propor- 
tion, however  small,  of  contamination,  and  well  or 
spring  water  containing  from  10,000  to  20,000  parts 
of  previous  contamination  in  100,000  parts  of  water, 
is  considered  sicspicious  or  doubtful. 

Waters  more  impure  than  those  classed  as  suspicious 
must  be  regarded  as  dangerovs. 


NATURE  OF  THE  OBGANIC  MATTER.        57 

tion  for  personal  equation  and  for  impurities  in  the 
chemicals  \ised,  yet  the  danger  of  error  involved  in  the 
process,  and  the  risk  of  contamination  by  atmospheric 
impurities,  are  in  my  opinion  sufficient  to  prevent  it 
from  ever  coming  into  general  use ;  and  unless  gene- 
rally used,  it  is  imdesirable  for  reports,  which  appeal 
to  public  sense  and  public  imderstanding." 

A  COMPARISON  BETWEEN  THE  RESULTS  FURNISHED  BY  1. 
THE  PERMANGANATE  OF  POTASH  PROCESS;  2.  THE 
WANKLYN,  CHAPMAN,  AND  SMITH  PROCESS  :  3.  THE 
FRANKLAND  AND  ARMSTRONG  PROCESS. 

The  permanganate  of  potash  test  applied,  qualita-  ThePermm- 
tively,  as  a  test  for  organic  matter,  cannot  be  compared,  p^^^ro- 
in  the  results  afforded  by  it,  with  any  other  process,  for  c«M"»d  the 
they  are  thoroughly  misleading  and  unreliable.  andAim- 

The  permanganate  of  potash  test  conducted  quanti-  ■*™°«  ^^ 
tatively,  in  the  most  approved  and  most  recent  fashion, 
is  hardly  worthy  of  the  name  of  a  process,  for  it  in 
reality  forms  only  a  part  of  one,  and  is  never  solely 
trusted  by  its  inventors.  The  indications  it  gives  are 
considered  in  conjunction  with  those  afforded  by  an 
estimation  of  the  amoimt  of  free  and  albuminoid  am- 
monia, the  nitrogen  products  resulting  from  the  oxida- 
tion of  organic  matter,  and  the  quantity  of  chlorine,  etc. 
Occupying  this  subsidiary  position,  and  controlled  to 
a  great  extent  by  other  evidence,  it  exhibits  a  remark- 
able agreement  with  the  Frankland  and  Armstrong's 
process,  and  with  the  Wanklyn,  Chapman,  and  Smith 
process,  when  the  latter  is  associated  with  a  determina- 
tion of  the  nitrates  and  nitrites.  The  agreement  between 
the  results  afforded  by  the  Frankland  and  Armstrong 
process,  and  the  permcmganate  of  potash  method,  is  the 


58 


THE  DETERMINATION  OF  THE  AMOUNT  AND 


TheFtmnk- 
land  and 
Armatrong 
and  the 
Wanklyn, 
Chapman, 
and  Smith 


more  remarkable,  because  Dr.  Frankland  has  publicly 
denounced  the  permanganate  of  potash  test  as  perfectly 
useless  and  mischievous  in  whatever  way  it  is  employed. 
The  indications  as  to  the  quality  of  a  water  afforded  by 
this  salt,  are  so  corrected  by  those  furnished  by  the 
other  examinations  of  the  same  water,  as  to  render  it 
unlikely  that  any  marked  disagreement  should  occur 
between  this  permanganate  of  potash  test  as  carried  out 
in  the  most  approved  manner,  and  the  other  two  processes. 

The  processes,  which  have  assumed  an  antagonistic 
rivalry,  and  are  credited  with  furnishing  contradictory 
decisions,  are  the  Frankland  and  Wanklyn  methods. 
The  following  is  a  copious  abstract  of  a  paper  entitled, 
''  A  comparison  between  the  Frankland  and  Armstrong, 
and  the  Wanklyn,  Chapman,  and  Smith  processes  of 
water  analysis,"  which  was  presented  by  me  to  the 
State  Medicine  Section  of  the  British  Medical  Associa- 
tion, *at  its  annual  meeting  held  in  1877,  in  Manchester, 
which  was  accompanied  by  a  Table  that  contained  93 
analyses  of  waters  made  by  these  two  methods  at  or 
about  the  same  time. 

These  processes  are  said  by  the  scientific,  and  the 
sanitary  public  generally,  and  even  by  their  inventors 
themselves,  to  contradict  one  another  in  a  very  impolite 
fashion.  Each  inventor  tries  to  find  flaws  in  his 
rival's  process  and  to  commend  his  own  to  universal 
adoption.  Many  words,  more  forcible  than  courteous, 
have  been  used.  Apart  from  these  very  warm  contro- 
versies, which  will  not  affect  in  the  slightest  degree  the 
ultimate  triumph  of  what  is  best  and  true,  such  dis- 
putes, and  apparently  conflicting  residts,  do  certainly 
retard  the  progress  of  sanitary  science,  and  lead  the 
public  to  imagine  that  the  whole  question,  whether  a 
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water  is  or  is  not  pure,  is  a  "  toss-up ;"  this  remark 
being  generally  clenched  with  the  further  reflection, 
that  it  is  universally  acknowledged  that  doctors  differ. 

We  all  know  that  if  we  look  our  difficulties  full  in 
the  face,  and  accurately  define  them,  as,  for  example, 
by  writing  them  down  on  paper,  they  will  often  be 
found  to  diminish  by  one  half.  If  they  do  not  thus 
lessen,  an  exact  definition  of  their  nature  and  magni- 
tude is  a  distinct  gain,  for  we  are  enabled  to  recognise 
their  just  proportions,  and  face  them  resolutely.  This 
substitution  of  what  is  exact  and  defined,  for  what  is 
vague  and  indefinite,  is  of  service  in  all  the  difficulties 
of  life,  be  they  scientific  or  otherwise,  for  the  very  fact 
of  the  existence  of  a  want  of  distinct  measurable  ideas 
of  the  size,  extent,  and  precise  nature  of  a  difficulty, 
magnifies  it  in  our  mind's  eye  to  an  unreal  degree. 

Actuated,  then,  by  this  belief,  and  quite  prepared 
to  find  insurmountable  obstacles  in  reconciling  the 
results  of  the  two  processes,  which  would  have  to  be 
clearly  met,  and,  if  not  removable,  frankly  acknow- 
ledged.  I  have,  assisted  by  many  kind  friends  through- 
out  the  country,  made  a  Table  of  comparison  between 
the  results  of  the  two  processes,  conducted  at  or  about 
the  same  time,  on  the  same  water,  as  evinced  by  the 
opinions  formed  of  the  water  according  to  the  rules  laid 
down  by  the  inventors  of  the  respective  processes,  as 
guides  for  their  disciples.  Anything  of  the  nature  of 
a  comparison  between  the  figures  afforded  by  these  two 
dififerent  rival  processes  is  of  course  impossible. 

Dr.  Hill  of  Birmingham  has  made  a  comparison  Dr.  Hiii'« 
between  the  two  processes,  by  placing  by  the  side  of  the  ^mpi^MiL 
organic  nitrogen  of  Frankland's  method  the  amount  of 
nitrogen  calculated  from  the  albuminoid  ammonia  of 
Wanklyn's  method,  thus : — 
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JBiTffiingJuiiTi 

PvMic  Water  Supply, 

Date. 

Organic  nitro- 
gen by  Frank- 
land  and  Arm- 

Albd. Amm.  = 
by  the  Wank- 
lyn.  Chapman, 

An/1  flmitli 

N. 

Ratio  of  organic 

nitrogen  to 
nitrogen  by  the 

1876 

strong  process. 

process. 

two  methods. 

January 

•097 

•016 

•013 

7 

February 

•070 

•022 

•018 

4 

March 

•099 

•020 

•016 

6 

April 

•064 

•014 

•Oil 

6 

May 

•048 

•Oil 

•009 

6 

June 

•049 

•016 

•013 

4 

July 

•090 

•014 

•Oil 

8  . 

August 

•120 

•018 

•016 

8  : 

Septembei 

•072 

•010 

•008 

9  : 

October 

•070 

•014 

•Oil 

6 

November 

•124 

•024 

•020 

6 

December 

•080 

•014 

•Oil 

7  : 

1876. 

January 

•063 

•010 

•008 

6  : 

February 

•067 

•014 

•Oil 

6  : 

March 

•071 

•008 

•0066 

11 

June 

•073 

•006 

•006 

16  : 

July 

•064 

•014 

•Oil 

6  : 

October 

•064 

•008 

•0066 

8  : 

1877. 

January 

•093 

•018 

•016 

6  : 

:  1 

February 

•089 

•Oil 

•009 

10 

:  1 

March 

•069 

•007 

•006 

11 

:  1 

He  argues  therefrom,  that  (1)  as  the  amount  of 
nitrogen  yielded  by  the  albuminoid  ammonia  of  the 
Wanklyn  process  is  very  much  less  than  that  furnished 
by  the  Frankland  process,  which  every  one  admits,  and 
(2)  as  the  ratio  is  not  constant,  the  Wanklyn  process  is 
worthless.  Now  this  mode  of  comparison  appears  to 
be  unfair,  because  it  proceeds  on  the  assumption  that 
Dr.  Frankland's  process  of  water  analysis  is  a  standard 
of  accuracy,  a  pretension  which  is  open  to  considerable 
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doubt,  although  as   one  for  the  analysis   of  gases  it 
may  be  most  excellent. 

Although,  then,  anything  like  a  contrast  of  numbers 
IB  out  of  the  question,  a  comparison  of  the  opinions 
formed  from  a  consideration  of  the  figures  obtained  by 
those  who  practise  these  processes  is  a  perfectly  feasible 
project,  and  one  likely  to  be  attended  by  useful  results. 
These  opinions  may  not  be  strictly  correct,*  but  suflBci- 
ently  so  to  ascertain  whether  or  not  any  distinct 
antagonism  exists. 

Many  analyses  of  waters  performed  by  both  the 
Frankland  and  the  Wanklyn  processes  have  been  sent 
to  me,  notably  those  from  Clayton  West,  near  Hud- 
dersfield,  which  I  have  not  inserted  in  the  table  of 
comparison,  simply  and  solely  because  they  were  not 
made  simultaneously,  but  with  an  interval  of  weeks 
and  months  elapsing  between  the  periods  at  which  the 
water  was  submitted  to  the  rival  processes.  Waters 
change  much  in  the  amount  of  organic  matter  which 
they  may  contain  at  different  seasons.  The  waters  of 
weUs  are  greatly  influenced  by  : — (1)  height  of  the 
subsoil  water,  which  is  always  varying;  (2)  by  the 
amount  of  water  that  is  passing  through  the  subsoil  of 
a  country;  and  (3)  by  heavy  downfalls  of  rain  or 
periods  of  drought.  I  have  many  times  found  a  water 
pure  at  one  time  and  impure  at  another,  and  this 
occasional  pollution  of  a  water  is  often  due  to  the 
periodical  washing  of  filth  into  a  well  by  heavy  rains. 
The  disagreement  in   the  opinions   of   able    analysts 

*  It  is  an  excellent  role,  which  unfortunately  could  not  be  foUowed 
here,  to  decline  to  give  any  decision  respecting  the  nature  of  a  water 
untU  furnished  with  the  fullest  information  regarding  its  source, — as,  for 
example,  the  geology  of  the  district,  depth  of  the  weU,  character  of  the 
sarroondings,  etc 
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Analyses  of  Waters  made  cU  or  about  the  i 

Frankland  and  Armstrong  Proeeu, 


Pabti  pke  100,000. 


DnoKiPTioH  or 
Sample. 


Deeply  bored 
well     .    .     . 

Water  used  for 
the  washing  of 
milk  cans  at 
an  Islington 
Dairy  .    .    . 

West  Middlesex 
Water  Com- 
panj,  January 
1878     .     .     . 

Surface  spring  . 

Well  water  ,    . 

Deeply  bored 
w^cix       •     •     ■ 

Water  from  deep 
well 


•§d 


-229 


•     •     • 


Well  in  Rowe's 
Square,  Cardiff 


Artesian  Well  of 
Maldon  Water 
Works .     .    . 


1-820 


-841 
-128 
•177 

•098 

•110 

•181 


"  Raven's  Well" 
(deep)  .     .     . 


•148 


•261 


•056 


•710 


•034 
•027 
•017 

•009 

•062 

•087 


I 


■si 


i 


4-2 


2-5 


-029 


•028 


10  0 

4-7 

10-0 

11-4 

1-9 

5  0 


5  1 


11-3 


I 


•120 


•001 
•004 
•004 


■  •^ 


Sd 


^-n 


•299 


•400 


-002 


•110 


•001 


•266 
•471 
-184 

-241 

-258 

8-76 


2-97 


Optnio 


Good.* 


710 


•007 


1-9 

6-92 

2-72 

8-61 

8  1 

15-5 


(Horribl 
(     poUn 


85  8 


9-9 


Indiffere 
Suspidoi 
Good.* 

Good. 

Good.* 

Bad.t 


Good.t 


iretqrgB 
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Excess  in  Deep  Well  Water. 


Deep  went*. 


Ammonia  is  found  in  considerable  quantity  in  the 
waters  of  some  deep  wells,  especially  of  those  that  enter 
the  sand  beds  which  lie  underneath  the  London  clay.  In 
these  waters  the  amount  of  albuminoid  ammonia  is  so 
exceedingly  small  as  to  preclude  the  possibility  of  sup- 
posing the  existence  of  any  animal  defilement.  Here,  waten  i«. 
for  instance,  are  the  analyses  of  three  waters,  all  from  ^^H^Hil^ii 
deep  artesian  wells  situated  in  a  little  village : —  contain  an 

^  ezoeMofftee 

anunonia. 


A.  Depth  S85  ft.      .     . 

B.  Very  deep.    .    .    . 

C.  Depth  830  ft.      .     . 

MlLUORAMXE  PBB  LiTltB. 

nree  Ammonia. 

Alb.  Ammonia. 

•69 
•41 
•87 

•04 
•07 
•06 

Here  are  analyses  of  waters  of  another  village,  possess- 
ing locally  a  high  repute  for  purity : — 


A.  Depth  260  ft.      .    . 

B.  „      800  ft.      .    . 

MlLLIOBAMMS  PCB  LiTBa. 

Fr»e  Ammonia. 

Alb.  Ammonia. 

•76 
•74 

•04 
•03 

An  excess  of  free  ammonia,  when  associated  with  a 
permissible  amount  of  albuminoid  ammonia,  may  be 
due  either — 

1.  To  entrance  of  rain  water  into  well ; 

2.  To    the    beneficial    transformation   of  harmful  PMdbie 
organic  matter  into  the  harmless  ammonia,  through  the  ^^^^ 
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mezoeuof  agency  of  sand,  clay^  and  other  matters,  which  act  on 

i^nlfr^  the  water  in  a  manner  similar  to  the  action  on  it  of  a 

h>mezceM  good  filter; 

ni^r.  ^  3.  To  some  salt  of  ammonia  existing  in  the  strata 

through  which  the  water  rises ;  or, 

4.  To  the  decomposition  of  nitrates.  Mr.  Slater 
suggests  that  the  agent  concerned  in  this  reduction  may, 
in  the  case  of  the  deep  well  waters,  be  the  sulphide  of 
iron  which  is  found  in  the  clay. 

Ammonia  may  be  converted  into  nitrates  and  nitrites 
by  a  process  of  oxidation,  or  be  obtained  from  these 
salts  by  one  of  reduction.  We  conclude,  then,  that 
the  presence  of  free  ammonia  in  such  comparatively 
large  quantities  in  these  deep  well  waters  is  due  to  the 
reduction  of  nitrates  and  nitrites  by  sulphide  of  iron,  or 
some  kinds  of  organic  matter,  or  some  other  agent,  such 
oxidised  nitrogen  salts  having  been  produced  in  past 
ages  by  the  oxidation  of  organic  matter.  In  the  case 
of  deep  artesian  wells,  the  borings  of  which  pass  through 
the  London  clay  into  the  chalk  beneath,  the  nitrates 
that,  by  reduction,  furnish  the  waters  of  these  wells 
with  free  ammonia,  doubtless  come  from  the  chalk 
itself. 

Mr.  Wanklyn  formerly  regarded  with  suspicion  a 
water  yielding  a  large  quantity  of  free  ammonia,  along 
with  05  part  per  million  of  albuminoid  ammonia. 
The  above  analyses  of  deep  well  waters,  which  are 
renowned  for  purity  throughout  all  the  country  in 
which  they  form  centres,  prove  that  he  was  wrong. 
In  the  last  edition  (4th)  of  his  Water  Analysis  he 
shows  that  he  has  discovered  his  mistake,  but  he  alto- 
gether omits  to  make  any  allusion  to  his  error,  or  to 
the  individual  who  not  only  privately  but  publicly 
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pointed  it  out  to  him*     He  thus  signalises  his  conver- 
sion on  page  131 : — 

**  Well  230  Fkkt  Deep  at  Blackfrlibs. 


Data. 

Oraims  pbb  Oam^n. 

MiLUORAMin  PCR  Litre. 

Solids. 

Chlorine. 

Free 
Ammonia. 

Alb. 
Ammonia. 

July  20,  1876. 

67- 

10-2 

•80 

•06 

This  water  exhibits  what  is  occasionally  found,  namely, 
a  large  quantity  of  free  ammonia  in  pure  deep  spring 
water  of  the  first  class.'' 

Mr.  Allen  of  Sheffield  has  fallen  into  a  similar  error. 
He  writes  ")• : — "  It  is  not  unusual  to  find  a  very  large 
proportion  of  ammonia  in  the  water  of  very  deep  wells. 
In  the  great  majority  of  instances  it  is  associated  with 
an  excessive  proportion  of  chlorides — a  fact  which  points 
to  sewage  or  urine  as  the  original  source  of  the  con- 
tamination." Both  statements  are  correct,  but  the  con- 
clusion arrived  at  by  him  is  altogether  wrong. 

Mr.  Wanklyn  has  accordingly  altered  his  standard  of 
rules  by  changing  the  wording  of  one  of  his  sentences. 
In  the  previous  editions  we  read, ''  I  should  be  inclined 
to  r^aid  with  some  suspicion  a  water  yielding  a  con- 
siderable quantity  of  free  ammonia,  along  with  05  part 
of  alb.  ammonia  per  million."  In  the  present  or 
4th  edition  he  writes,  **  I  should  be  inclined  to  regard 
with  some  suspicion  a  water  yielding  a  considerable 
quantity  of  &ee  ammonia,  along  with  more  than  05 

*  Tide  Water  Amalynt  fcnr  (Me  Medical  Ofiur  of  HeaUh,  first 
edition,  pt  18. 

t  PmUU  HeaWk,  T^.  9,  1877. 
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.  whilst  judging  a  water,  of  making  his  decision  almost 
entirely  rest  on  the  degree  of  previous  sewage  contami- 
nation, and  the  amount  of  nitrates  and  nitrites,  makes 
the  following  statements,*  with  which  we  must  all 
agree,  and  which  we  should  remember. 

In  the  presence  of  oxygen  the  nitrogen  of  animal 
matters  is  traiilformed,  in  great  part,  into  nitric  and 
nitrous  acids ;  and  these,  by  combining  with  the  basic 
substances  always  present  in  polluted  water,  are  in  their 
turn  converted  into  nitrates  and  nitrites. 

The  change  is  most  rapid  and  complete  when  pol- 
luted water  passes  through  aerated  soil 

Whilst  the  oxidation  of  animal  matters  in  solution 
in  water  yields  abundance  of  nitrates  and  nitrites, 
vegetable  matters  furnish  under  like  circumstances 
mere  traces,  or  none,  of  these  compounds.! 

Upland  waters,  which  have  been  in  contact  only 
with  mineral  matters,  or  with  the  vegetable  matter  of 
uncultivated  soil,  contain,  if  any,  mere  traces  of  these 
salts ;  but  as  soon  as  the  water  comes  into  contact 
with  cultivated  land,  or  is  polluted  by  the  drainage 
from  farm-yards  or  human  habitations,  nitrates  in 
abundance  make  their  appearance.  The  presence  of 
nitrates  and  nitrites  in  sufficient  quantity,  is  therefore 
trustworthy  evidence  of  the  previous  pollution  of  the 
water  with  animal  matters. 

Nitric  and  nitrous  acids  are  present  in  minute  quan- 
tity in  the  air,  out  of  which  the  rain  washes  them. 
In  71  samples  of  rain  water  collected  at  Bothamp- 

*  Rivera'  Pollution  Commission. — Sixth  Report, 

t  The  researches  of  M.  Boussingault,  which  appear  at  first  sight  to 
throw  a  doubt  on  this  statement,  are  not  by  any  means  conclusiye  if 
they  are  critically  examined. 
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stead,  near  St  Albans,  the  proportion  of  nitrogen, 
as  nitrates  and  nitrites,  varied  from  nil  up  to  '03  gr. 
per  gallon.  The  largest  amount,  which  occurred  only 
once,  was  exceedingly  smalL 

Waters  which,  it  is  well  known,  cannot  be  defiled 
by  manure  or  by  sewage,  never  contain  nitrates  in  a 
proportion  bringing  them  near  to  the  ''  point  of  con- 
tamination." 

The  average  amounts  of  oxidized  nitrogen  found  by 
the  Bivers  Pollution  Commissioners  in  the  pure  waters 
of  the  various  geological  strata  are  as  follows : — 

NrrROGEN  AS  Nitrates  and  Nitrites. 

Graini  per  Oallon. 

Upland  Surface  Water. — Millstone  Grit  .         .  -007 

Mountain  Limestone  .  *008 

Lias,  Trias,  and  Permian  Bock   *007 

Deep  Well  fFater.—l^ew  Red  Sandstone  .  '500 

Chalk -440 

Devonian  and  Millstone  Grit      .  '210 

Spring  Waten. — Silurian  Rocks    .  .  .  '120 

Mountain  Limestone     .         .         .  '160 

Millstone  Grit  and  Coal  Measures  .  '240 

Oolites '280 

Chalk -270 

The  Objections  of  Mr.  Wankli/n  and  those  who  think  oi\|ection« 
vnth  him,  to  the  Determination  of  Nitrates  and  ^  i?*  *■"' 

'  *'  nuition  of 

Nitrites,  may  he  thus  summarized :  NitimtM  ud 

Nitrlt«i. 

1.  Nitrates  find  their  way  into  waters  from  the 
various  geological  strata  which  they  traverse  ;  for 
example,  chalk  springs,  which  contain  an  infinitesimal 
amount  of  organic  matter,  are  often  highly  charged 
with  nitrates. 

2.  The  processes  of  vegetation  in  rivers  and  lakes 
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Utility  of  the  Estimation  of  Oxidized  Nitrogen  Salts,     utmtyofthi 

detennina- 

The  presence  of  an  excess  of  these  salts  in  a  water  ^^SiSL  and 
affords  no  indication,  taken  by  itself,  that  such  water  Nitrites. 
deserves  condemnation,  nor  does  the  complete  absence 
of  nitrates  and  nitrites  warrant  any  one  in  pronouncing 
a  water  to  be  pure.  Some  of  the  purest  waters,  such, 
for  example,  as  those  from  deep  wells  in  the  chalk, 
contain  much  nitrates,  which  have  aptly  been  termed 
fossil  organic  matter,  or  the  skeleton  of  sewage ;  whilst 
waters  so  full  of  vegetable  matter  as  to>be  injurious  to 
health,  may  not  contain  a  vestige  of  them.  Taken 
singly,  the  estimation  of  the  amount  of  these  salts 
teaches  us  very  little  about  a  water,  but,  taken  in  con- 
junction with  other  evidence,  it  afTords  valuable  aid  to 
us  in  the  formation  of  an  opinion.  It  enables  us  to 
diagnose  peaty  waters,  which  cannot  always  be  distin- 
guished from  other  waters  possessing  an  excess  of  organic 
matter  by  the  Wanklyn,  Chapman,  and  Smith  process, 
for  peaty  waters  never  hold  nitrates  and  nitrites  in 
solution  in  more  than  very  small  proportions  indeed,  if 
any  at  all.  Although  the  water  of  a  well  far  away 
from  any  chalk  may  be  found  to  be  organically  pure, 
yet  the  presence  of  any  large  quantity  of  nitrates  and 
nitrites,  which  are,  so  far  as  our  knowledge  extends, 
harmless  in  themselves,  teaches  us  that  the  water  is  in 
imminent  danger  of  poUutioiL  This  discovery  tells  us 
that  the  natural  oxidizing  process  of  cleansing  and 
puriiBcation  by  the  soil  is  proceeding ;  but  experience 
informs  us  that  a  time  will  come,  and  we  know  not  how 
soon,  when  the  soil  will  become  overdone  with  filth,  and 
will,  at  first  imperfectly,  and  at  length  finaUy,  cease  to 
cleanse  by  filtration  the  polluted  water,  when  the  organic 
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matters  will  themselves  enter  the  well ;  or  the  organic 
animal  filth  may  be  washed  into  the  well  at  any 
moment  by  a  sudden  downfall  of  rain.  The  presence, 
then,  of  these  salts,  in  considerable  proportion,  in  shallow 
well  waters,  in  non-chalky  districts,  is  an  ominous  sign. 
A  public  analyst  has  recently  written : — "  Nitrates  in 
a  deep  well  water  represents  fossil  excreta,  but  nitrates 
in  a  shallow  well  water  represent  recent  excreta."  The 
former  part  of  the  sentence  is  true  enough,  but  the 
latter  is  misleading.  I  have  known  shallow  well  waters 
in  chalky  districts,  that  could  not  possibly  have  been 
defiled,  exhibit  an  excess  of  nitrates. 

There  exists  a  widely  spread  fear  lest  the  germs  of 
disease  may  survive  the  almost  complete  oxidation  by 
earth  of  dead  organic  matter,  and  may  co-exist  with 
nitrates  and  nitrites  in  a  water  devoid  of  any  excess  of 
organic  matter.  Some,  indeed,  believe  that  water  from 
a  well,  within  a  yard  or  two  of  a  cesspool,  caimot 
possibly  be  pure.  I  have  known  several  wells  in  clay 
soil,  varying  in  distance  from  one  to  five  yards  from 
cesspools,  which  have  supplied  water  of  the  greatest 
purity,  their  safety  being  due  to  the  retentive  proper- 
ties of  the  clay,  and  the  water-tight  condition  of  the 
cesspools.  I  am  acquainted  with  a  family  that  has  for 
years,  without  apparent  ill  effects,  been  drinking  water 
from  a  well  in  porous  gravelly  soil,  within  two  yards 
from  an  enormous  cesspool,  which  is  evidently  not 
water-tight.  The  water  is  organically  pure,  but  con- 
tains between  1  to  2  grains  per  gallon  of  nitrogen  in 
the  form  of  nitrates  and  nitrites.  Highly  dangerous  of 
course  it  is  to  drink  such  water,  for  the  well  may  be 
defiled,  or  the  earth  may  cease  to  act  as  an  efficient 
filter,  at  any  instant.     The  curious  spread  of  typhoid 
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fever  at  Lausen,  in  Switzerland,*  by  water  that  had 
passed  through  an  immense  thickness  of  earth,  has  pro- 
bably had  much  to  do  with  the  prevalence  of  the  sus- 
picion just  referred  to.  No  circumstance  in  support  of 
this  fear  has  to  my  knowledge  occurred  in  this  country. 
Samples  of  several  waters  were  once  sent  to  me  for 
analysis,  obtained  from  Abyssinian  well-borings  made 
in  the  vicinity  of  a  village  afflicted  always  with  filthy 
water,  and  periodically  with  fever.  Being  prevented 
at  the  time  from  making  any  examination  for  nitrates 
and  nitrites,  I  selected  the  two  waters  which  appeared 
to  me  in  all  other  respects  the  best  of  the  batch. 
They  each  exhibited  more  organic  matter  than  good 
drinking  waters,  but  they  were  both  rather  turbid  from 
the  presence  of  mud  (which  contains  organic  matter), 
the  introduction  of  which  was  unavoidable  in  the  col- 
lection of  samples  from  new  borings.  Experience  taught 
me  that  when  the  wells  were  lined  with  bricks,  pumps 
erected,  and  the  waters  daily  removed  by  the  villagers, 
they  would  exhibit  no  excess  whatever  of  organic 
matter.  Ko  information  was  sent  as  to  the  situation 
of  the  new  wells.  It  afterwards  transpired  that  one 
was  dug  far  away  from  all  filth,  in  an  excellent  site, 
whilst  the  other  was  sunk  in  a  situation  where  it  was 
encompassed  on  three  sides  by  cesspools  and  leaky 
drains.  After  some  months  had  elapsed,  and  before  a 
pump  w£is  erected  over  the  latter  well,  another  sample 
of  the  water  was  sent  for  examination.  It  proved  to 
be  free  from  any  turbidity,  to  have  a  distinct  brownish 
tint,  and  to  contain  excremental  filth.  If  I  had  been 
able   to   examine   these  two  waters   for  nitrates  and 

*  BeitHige  zur  SnisUhungsgeaehichte  des  Typhus  und  xur  Trinktoaaser' 
Uhre, — Von  Dr.  A.  Hagler. 
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tides  of  decomposed  muscular  fibre,  etc.,  are  of  in- 
terest in  connection  with  the  subject  under  consider- 
ation. Many  additional  instances  could  be  given,  if 
space  permitted,  to  show  the  value  of  an  estimation  of 
the  nitrates,  but  such  must  surely  be  unnecessary. 

The  omission  to  pay  any  regard  to  the  amount  of 
nitrates  and  nitrites  in  a  water  is  practically  to  ignore 
the  infiltration  of  filth  into  a  water  supply  that  is  not 
very  recent 

It  is  not  needful  in  every  case  to  make  a  quantita- 
tive examination  of  the  nitrogen  as  nitrates  and  nitrites. 
If  any  doubt  exists  after  estimating  the  amount  of  free 
ammonia,  albuminoid  ammonia,  and  chlorine — if  one's 
diagnosis  is  somewhat  obscured  by  any  curious  results 
— if,  indeed,  there  is  the  slightest  haze  or  mist  in  con- 
nection with  an  analysis,  it  is  wise  to  calculate  the 
quantity  of  nitrates  and  nitrites.  I  should  not  think 
of  making  an  estimate  of  these  salts  in  the  water  of  a 
spring,  far  removed  from  any  filth,  that  is  always  running, 
or  in  an  artesian  well  water,  respecting  both  of  which 
there  existed  no  suspicion,  and  both  of  which  showed 
infinitesimal  amounts  of  free  and  albuminoid  ammonia. 
In  Dr.  Armistead's  analysis  the  numbers  of  these  two 
kinds  of  ammonia  afforded  a  suspicious  indication ;  and 
in  the  analysis  which  immediately  follows  it,  the  quan- 
tity of  albuminoid  ammonia,  coupled  with  the  know- 
ledge of  the  dangerous  position  of  the  well,  would  have 
led  me  to  test  for  salts  of  nitrogen. 

^^*'^**'  A.    QUALTTATIVE  EXAMINATION. 

The  Howiey        The  Hordev  Test. — This  test  consists  in  the  addi- 

Test. 

tion  of  a  minute  quantity  of  pyrogallic  acid  to  a  little 
of  the  water  to  be  examined ;  the  smallest  bit  of  com- 


r.'-V:-^ 
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mon  salt  is  dropped  into  the  mixture ;  and,  finally,  a 
small  quantity  of  pure  sulphuric  acid  is  introduced, 
by  means  of  a  funnel  tube,  underneath  the  water. 
The  layer  of  sulphuric  acid  assumes  a  dark  lilac  or 
black  colour  when  a  water  contains  much  nitrates  and 
nitrites,  and  remains  colourless  when  twice  distilled 
water  is  employed  ? 

Dr.  Bond  of  Gloucester  practises  the  following 
modification : — Twenty  minims  of  pure  sulphuric  acid 
are  placed  in  a  very  smaU  test-tube,  to  which  10 
minims  of  the  water  to  be  examined  are  added.  One 
drop  of  a  solution  of  pyrogallic  acid  (10  grains  to  1 
ounce  of  distilled  water  acidulated  with  2  drops  of 
sulphuric  acid)  is  then  dropped  into  the  mixture.  The 
depth  of  the  dark  amethyst  or  vinous  brown  colora- 
tion is  a  measure  of  the  amount  of  the  salts  present. 


• 

HoRSLKT  Tnr. 

1 1^ 

RanAaaa 

Grains  per  OaL 

Miztoreo 
Berore. 

r  Contents 
After. 

Well,  P.B.R. 

111 

5 

4 

The  highest 

Art.  Well,  O.P.8.  . 
Art.  Well,  J.T.      . 

•09 
8-47 

2 
6 

1 
6 

number  indi- 
cates  the 
greatest,  and 

WelU  R.H.S.W.    . 

2-55 

4 

5 

the       lowest 

Spring,  G.H.G.B.   . 

Gray's  Water.  Brent- 
wood   . 

•26 
•67 

1 
8 

2 
3 

number  the 
least,  degree 
of  colora- 
tion. 

It  is  wise  to  make  one  or  two  blank  experiments 

G 
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with  twice  distilled  water,  when  fresh  chemicals  are 
employed,  so  as  to  be  assured  of  their  purity.  It  will 
be  found  useful  to  keep  some  spring  water,  or  other 
waters  containing  known  quantities  of  nitrates  or 
nitrites,  ready  at  hand,  with  which  to  make  compari- 
sons.* After  allowing  the  colour  to  develope  for  a 
few  minutes,  the  contents  of  the  test-glass  should  be 
shaken,  so  as  to  mix  the  sulphuric  acid  with  the  water, 
and  no  opinion  should  be  formed  as  to  the  water  under 
examination  until  a  quarter  of  an  hour  has  elapsed  after 
such  commingling  has  been  effected. 

The  necessity  of  observing  this  rule  is  shown  by  the 
foregoing  table.  It  is  stated  that  if  nitrates  are  alone 
present,  the  tints  will  be  of  an  amethyst  and  dark  brown 
hue,  whilst  the  exclusive  existence  in  a  water  of  nitrites 
is  shown  by  a  preponderance  of  a  reddish  brown  or 
vinous  red  colour.  This  Horsley  test  is  found  to  con- 
vey very  useful  information  to  those  who  make  a 
study  of  it,  and  is  especially  convenient  in  travelling 
as  it  does  not  involve  the  conveyance  of  any  cumbrous 
apparatus.  A  portable  and  safe  arrangement  may  be 
made  by  fitting  up  a  small  box  with  the  following 
articles : — Pure  strong  sulphuric  acid  in  a  capped 
stoppered  tube  bottle  enclosed  in  a  vulcanite  tube  case ; 
soL  of  pyrogallic  acid  in  a  capped  dropping  bottle; 
stoppered  test  glasses,  each  marked  by  a  file  to  indicate 
the  height  reached  by  20  minima  of  sulphuric  acid ;  and 
a  minim  measure. 

*  If  the  medical  officer  of  health  has  none,  he  can  prepare  three  or 
four  standard  waters,  made  by  mixing  i  gr.,  I  gr.,  2  grs.,  8  grs.,  and 
4  grs.  of  nitrate  of  potash,  each  with  a  gallon  of  distilled  water. 
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B.    QUANTITATIVE  EXAMINATION.  QuofUUativi, 

Experience  has  shown  me  that  it  is  of  no  practical 
service  whatsoever  for  sanitary  purposes — in  fact  a 
waste  of  time — to  estimate  to  the  third  decimal  point 
the  amount  of  nitrates  and  nitrites ;  for  such  extremely 
accurate  results  should  not  influence  our  opinion  re- 
specting a  water  in  one  way  or  the  other.  Dr. 
Frankland  and  his  followers  ride  to  death  this  hobby 
of  the  excessive  importance  of  the  determination  of 
the  minutest  amounts  of  these  salts.  The  majority 
of  them  positively  subtract  from  the  figures  which 
they  obtain  *0224  grain  per  gallon,  as  an  allowance  for 
the  amount  of  inorganic  nitrogen  in  rain  water.  It 
surely  is  quite  absurd  to  treat  all  waters  alike ;  e.g.,  the 
average  total  amount  of  ammonia,  nitrates,  and  nitrites 
in  a  pure  upland  surface  water  is  '0077  grain  per 
gallon,  or  practically  nil.  Dr.  Frankland  would  then 
make  a  deduction  of  0224  grain  per  gallon  on  account 
of  the  ammonia  in  rain ;  or,  in  reality,  more  than  the 
total  quantity  of  inorganic  nitrogen  contained  in  this 
pure  water. 

There  is,  as  we  all  know,  a  strong  tendency  in 
nature  to  the  establishment  and  maintenance  of  an 
equilibrium.  Eoughly  and  generally,  it  may  be  said, 
that  the  excess  of  inorganic  nitrogen  that  may  find  its 
way  into  the  soil,  and  into  streams  and  lakes,  through 
the  washing-out  of  the  ammonia  in  the  air  by  rain,  is 
compensated  for  by  the  abstraction  of  the  ammonia  by 
vegetation  on  land,  and  the  removal  of  the  nitrates  and 
nitrites  by  aquatic  plant  life. 

The  quantitative  processes  for  the  estimation  of  the 
nitrogen  products  of  the  oxidation  of  organic  matter 
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tageously  be  given.  "  The  method  of  running  indigo 
from  a  burette  into  a  nitrate  solution  mixed  with  a 
fixed  quantity  of  sulphuric  acid  can  never  yield  reliable 
results,"  "  The  tints  obtained  differ  somewhat  accord- 
ing to  the  proportion  of  sulphuric  acid  used,  the  mode 
in  which  it  is  added,  and  other  circumstances:  the 
presence  of  chlorides  also  afifects  the  colour."  After 
pointing  out  that  nearly  all  the  purest  distilled  oil  of 
vitriol  that  is  sold  contains  either  nitrous  acid  or  sul- 
phurous acid  and  other  reducing  impurities,  and  some- 
times both  of  these  acids,  and  that  it  is  necessary  for 
the  operator  to  himself  purify  his  oil  of  vitriol,  the 
author  writes : — "  The  various  writers  on  the  subject, 
from  Marx  to  Sutton,  all  recommend  the  use  of  a 
double  volume  of  oil  of  vitriol  We  have  seen  that 
with  this  large  proportion  of  sulphuric  acid  the  errors 
caused,  both  by  organic  impurities  and  by  impurities  in 
the  acid  itself,  are  at  their  maximum.  Evidence  has 
also  been  adduced  to  show  that  with  this  proportion  of 
acid  the  indigo  scale  has  not  the  same  value  in  every 
part.  Chlorides  tend  to  reduce  the  amount  of  indigo 
required." 

A  study  of  these  researches  at  Bothamsted  cannot 
fail  to  render  any  one  a  convert  to  the  conclusion  of 
Mr.  Warington  and  his  fellow-workers  respecting  the 
indigo  process  as  it  has  been  and  is  applied,  namely, 
that  "  it  can  only  be  exact  imder  very  exceptional  cir- 
cumstances." 

Vernon  Harcourt's  process    for  the  estimation  of  ^-  ^^ , 

.  ootirt  And 

nitrogen    in   nitrates,  which   has   been   modified   by  siewat'i 
Siewert,*  of  zinc-iron  couples  and  caustic  potash,  is  not  p«*^- 
adapted   for  sanitary  work.     The  copper-zinc  couple 

*  VolvmetrU  Analyng,  3d  edit,  pp.  108  and  104. 
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scissors  into  little  squares  about  the  size  of  a  5-centi- 
gramme  weight,  are  then  placed  on  a  piece  of  paper 


<•<? 


Pig.  4. 
a,  FlMk. 

h.  Condenser— medium  sise. 

CL  Beoeiyer,  which  resembles  a  very  large  Nesaler  gUss,  provided  with  an 

india-rubber  cork. 

d.  U  Tabe  containing  85  c.  c  of  distilled  water. 

i.  Bonsen  burner  with  chimney. 

ready  for  use.  Some  strong  solution  of  sulphate  of 
copper  (made  by  dissolving  the  pure  salt  in  distilled 
water)  is  introduced  into  a  flask  of  the  capacity  of 
^  litre,  or  1  decigallon,  provided  with  a  long  neck  and 
thick  strong  mouth  for  the  insertion  of  an  india-rubber 
cork.  The  quantity  of  the  solution  should  be  sufficient 
to  cover  the  fragments  of  zinc  foil  when  they  are 
introduced.  The  solution  should  be  gently  warmed 
over  a  Bunsen's  burner,  and  the  bits  of  zinc  foil  should 
then  be  passed  into  the  flask.  The  zinc  should  not  be 
allowed  to  float  on  the  solution.  A  gentle  swaying 
motion  will  suffice  to  cause  them  to  sink.  Let  the 
copper  solution  act  on  the  zinc  for  about  ten  minutes. 
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when  the  scraps  of  zinc  will  have  become  perfectly 
black  by  the  copper  deposited  on  them.  If  the  zinc 
has  not  entirely  lost  its  metallic  appearance,  the  solution 
of  sulphate  of  copper  has  not  acted  on  it  sufficiently 
long.  When  the  zinc  is  well  coated  with  copper,  pour 
oflf  the  copper  solution  as  completely  as  possible.  Fill  up 
the  flask  with  tap  water  three  or  four  times,  stopping  for 
a  moment  on  each  occasion  in  order  to  aUow  floating 
particles  to  subside,  and  pouring  the  water  away  care- 
fully so  as  not  to  lose  any  of  the  couple.  Then  half 
fill  the  flask  with  distilled  water,  and  having  poured 
that  away  also,  add  about  300  or  325  cub.  cent,  of 
distilled  water.  The  flask  will  then  be  about  three- 
parts  full  It  is  not  wise  to  shake  the  contents  of  the 
flask  about  more  than  is  needful  to  wash  them  thor- 
oughly, for  violence  tends  to  detach  the  spongy  coating 
of  copper  from  the  zinc.  Whilst  these  preparations 
are  being  made,  70  c.  c.  of  the  water  to  be  examined 
should  be  undergoing  evaporation  to  dryness  on  a 
water  bath  in  a  Berlin  porcelain  dish  of  the  diameter  of 
4  inches.  25  c.  c.  of  distilled  water  is  to  be  added  to 
the  solid  residue,  together  with  a  bit  of  recently  burnt 
quicklime  (preserved  in  a  stoppered  bottle)  about  the 
size  of  a  hempseed,  and  the  liquid  is  then  boiled  (to 
decompose  any  urea  which  may  be  present)  until  about 
4  or  5  c.  c.  remain.  Care  should  be  taken  in  boiling 
that  none  of  the  fluid  be  ejected  from  the  dish. 
Pour  these  4  or  5  c.  c.  into  the  flask,  and  thoroughly 
wash  out  the  dish  in  which  the  water  was  evaporated 
with  as  little  distilled  water  as  possible,  transferring 
lihe  washings,  which  generally  amount  to  15  or  20  c.  c, 
to  the  flask.  If  the  presence  of  a  large  excess  of 
n  salts  is  probable,  a  U  tube  should  be  attached 
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to  the  receiver,  into  which  25  c.  c.  of  distilled  water 
have  been  placed.  Distil  over  100  c.  c,  of  which  a 
half  (50  c.  c.)  should  be  placed  in  a  Nessler  glass  and 
2  c.  c.  of  Nessler  test  be  added.  If  the  tint  is  deeper 
than  can  conveniently  be  measured,  as  for  example  that 
of  '30  or  *40  milligramme  of  ammonia,  take  5  or  10 
c.  c.  of  the  remaining  50  c.  c,  and  having  mixed  them 
with  45  or  40  c.  c.  (so  as  to  make  50  c.  c.)  of  dis- 
tilled water  in  a  Nessler  glass,  add  2  c.  c.  of  Nessler 
test.  The  depth  of  tint  should  be  imitated  by  mak- 
ing up  standards  with  the  standard  ammonia  solution 
(1  c  c.  =  '01  milligramme  of  ammonia),  as  in  the  Wank- 
lyn.  Chapman,  and  Smith  process.  If  the  tint  afforded 
by  the  50  c.  c.  is  not  deeper  than  can  be  conveniently 
estimated,  the  amount  of  ammonia  producing  it  is 
simply  to  be  multiplied  by  2  to  yield  the  quantity  for 
100  c.  c.  If  5  c.  c.  or  10  c.  c,  however,  be  taken,  the 
result  should  of  course  be  multiplied  by  20  or  10,  as 
the  case  may  be,  in  order  to  obtain  the  quantity  con- 
tained in  the  100  c.  c. 

Whilst  this  calculation  is  proceeding  a  second  100 
c.  c.  is  distilling  over,  which  should  be  treated  like  the 
first.  During  the  examination  of  the  second  100  c.  c. 
a  third  distillate  is  passing  into  the  receiver.  Unless 
there  is  a  large  amount  of  nitrogen  salts  present  the 
third  distillate  need  only  be  50  c.  c,  and  this  quantity 
will  be  found  to  be  the  last  that  is  necessary  to  remove 
in  the  majority  of  cases,  as  all  the  ammonia  will  have 
distilled  over.  If  the  U  tube  has  been  employed,  the 
25  c.  c.  of  distilled  water  in  it  should  be  mixed  with 
an  equal  bulk  of  distilled  water  in  a  Nessler  glass  and 
tested  for  ammonia  with  Nessler  re-agent.  If  any 
colour  is   produced,  which  will  be  the  case  if  the 
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nitrates  and  nitrites  be  very  abundant,  the  proportion 
should  be  measured  by  preparing  a  standard. 

Before  this  process  is  employed  for  the  determina- 
tion of  the  nitrogen  as  nitrates  and  nitrites,  it  is  necessary 
to  ascertain  the  amoimt  of  impurities  in  the  chemicals 
used.  Ammonia,  like  soda,  is  omnipresent  It  is  ex- 
ceedingly difl&cult  to  get  anything  perfectly  free  from 
either.  Accordingly,  three  or  four  blank  experiments 
should  be  made,  and  an  average  of  the  amount  of  free 
ammonia  yielded  by  the  chemicals  must  be  subtracted 
from  the  results  arrived  at  by  each  analysis  of  a  water. 
The  above-mentioned  quantities  of  my  chemicals  furnish 
about  '06  of  a  milligramme,  which  I  deduct  from  each 
water  analysis,  for  example — 

70  cub.  cents,  of  the  water  analysed  supplied. 

(1)  Distillate  of  100  c  c.         .         -86 

(2)  Distillate  of  100  c.  c         .         '02 

(3)  Distillate  of  50  c.  c.  .         '01 

•88 
Average  of  error    .         '06 


•82 

Ammonia.  Ammonia.  Nitrogen. 

17*  '82  14* 

14 


328 

82 

Nitrogen. 


17)ll-48(    -67 
10  2 


128 
119 


9 
*  The  atomic  or  combining  weights  of  ammonia  and  nitrogen. 


mm 
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Ans,  '67  miUigramme  of  nitrogen  in  70  c.  c.  of  water 
under  examination,  which  is  equivalent  to  '67  grain 
per  gallon.  As  70  c.  c.  is  what  has  been  termed  "  a 
miniature  gallon/'  the  amoimt  in  milligrammes  of  nitro- 
gen from  nitrates  and  nitrites  thus  found  represents  the 
quantity  of  this  element  in  grains  per  gallon. 

Hides  for  Guidance,  Roi«^ 

Spring  waters  contain  on  an  average  *2  grain  per 
gallon  of  nitrogen  as  nitrates  and  nitrites.  The  water 
supplied  to  London  by  the  Thames  Water  Companies 
possesses  about  '15  grain  per  gallon,  whilst  that  which 
is  furnished  to  the  metropolis  by  the  Kent  Company  from 
the  chalk,  holds  in  solution  about  '3  grain  per  gallon. 
Some  weUs  that  enter  the  chalk  yield  a  larger  amount, 
viz.  6  and  '7  grain  per  gallon,  and  sometimes  much 
more  of  nitrogen  as  nitrates  and  nitrites,  in  other  words, 
of  fossil  organic  matter,  and  are,  notwithstanding,  per- 
fectly pure.  When,  however^  from  '3  to  '7  grain  per 
gallon  is  reached  in  waters  that  do  not  come  from  the 
chalk,  the  excess  becomes  an  increasingly  suspicious 
circumstance.  A  water  exhibiting  1*5  grain  per  gallon 
is  regarded  as  approaching  that  class  of  waters  which 
would  be  considered  dangerous  for  drinking  purposes. 
Peaty  waters  and  sewage  contain  none,  or  only  a 
minute  quantity.  In  the  case  of  sewage,  putrefaction 
supervenes,  during  which  process  the  nitrates  are  de- 
stroyed. 

Nitric  Add  or  Nitrous  Add  t  Nitno  Add 

orNltroiu 

It  is  sometimes  desirable,  in  the  case  of  waters  that  ^c*<** 
are  threatened  with  pollution,  to  ascertain  whether  the 
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oxidized  nitrogen  is  in  the  form  of  the  higher  oxide, 
viz.  Nitric  acid,  or  the  lower  oxide,  Nitrous  acid.  K  all 
the  combined  nitrogen  is  in  the  form  of  nitrates,  which 
contain  an  atom  more  of  oxygen  than  nitrites,  we  know 
that  a  complete  oxidation  of  the  organic  matter  has 
occurred.  K  the  nitrates  are  accompanied  by  nitrites 
we  learn  that  this  oxidation  is  imperfect,  and  not 
thorough.  Lastly,  if  the  nitrites  abound,  we  conclude 
that  contamination  is  near  at  hand,  that  the  soil  is 
overdone  with  filth,  and  that  it  is  only  able  very  im- 
perfectly to  cleanse  the  water.  These  are  the  broad 
leasons  learnt  by  making  a  discranination  between 
these  two  oxides  of  nitrogen.  There  are  certain  points 
to  remember  in  connection  with  this  subject  as  to  the 
power  of  certain  kinds  of  organic  matter  and  chemical 
substances  occurring  in  the  soil  to  reduce  nitrates  to 
nitrites  and  ammonia. 


''^^^^^  Nitric  Add. 

Brudne  Test. — ^Evaporate  2  c.  c.  of  the  water  to  be 
examined  in  a  small  Berlin  dish,  about  the  size  of  a 
watch  glass,  to  dryness  over  a  spirit  lamp.  Add  one 
drop  of  strong  pure  sulphuric  acid  to  the  saline  residue. 
Endeavour,  as  far  as  possible,  to  bring  the  drop  in  con- 
tact with  all  the  saline  residue  by  tilting  up  the  dish. 
Allow  the  smallest  crystal  of  brucine  to  faU  on  the 
drop.  If  nitric  acid  be  present  in  even  the  minutest 
quantity  the  drop  of  sulphuric  acid  will  become  pink, 
and  afterwards  of  a  yellow  colour.  The  late  Professor 
Parkes  says  :* — **  Half  a  grain  of  nitric  acid  per  gallon 

*  Ptaetioal  Hygitne^  4th  edition. 
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gives  a  marked  pink  and  yellow  zone."     "  '01  grain 
per  gallon  can  be  easily  detected." 

Professor  Sanders,  who  represents  to  some  extent 
the  opinioDS  of  his  German  feUow-countrymen,  con- 
siders *  that  a  water  to  be  deemed  pure  should  contain 
no  appreciable  amount  of  Nitric  acid. 


Nitrous  Add,  Nttroiu 

Add. 

Potassium  Iodide  and  Starch  Test. — Boil  a  little 
powdered  starch  in  distilled  water  so  as  to  form  a  thin 
solution.  Place  a  little  of  the  water  to  be  examined 
in  a  test  tube,  and  add  about  5  minims  of  a  solution 
of  potassium  iodide,  free  from  iodate  (5  grains  to  1 
ounce  of  distilled  water),  and  a  little  of  the  cold  starch 
solution.  Pour  into  the  mixture  a  few  drops  of  pure 
sulphuric  acid.  If  the  water  contains  nitrous  acid  or 
nitrites,  a  blue  colour  will  be  produced,  in  depth  of  tint 
proportioned  to  the  amount  present. 

Fermanganate  of  Potash,  as  described  on  pages  33 
and  34. 

*  Handbuek  der  Gffentlichen   OesundheiUpJUge.    Leipaig :   HirzeL 
1877. 
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CHAPTER  IV. 

THE  DETERMINATION  OF  THE  AMOUNT  OF  SOLID  RESIDUE, 
ITS  APPEARANCE  BEFORE,  DURING,  AND  AFTER  IGNI- 
TION, AND  THE  LOSS  OF  VOLATILE  MATTERS  THEREBY 
OCCASIONED. 

A.  The  Amount  of  SoKd  Eesidue. 

B.  The  Appearance   of  the   SoKd  Sesidue  Before, 

During,  and  After  Ignition. 

C.  The  Amount  of  Volatile  Matters  burnt  off  by 

Ignition. 

olid  A.   The  Amount  of  Solid  Besidue  or  Saline  Matters, 

lesidne.  -y^hich  have  been  improperly  called  by  some  "  solid 
impurities."  Dr.  Frankland,  who  was  the  originator 
of  this  unfortunate  term,  defends  its  use  by  stating 
that  the  solid  matters  in  water  are  "  quite  useless." 
He  must  be  a  bold  man  to  make  such  an  assertion, 
unsupported  as  it  is  by  any  trustworthy  evidenca 
He  adds,  "  A  very  large  proportion  of  the  potable 
water  supplied  to  towns  is  employed  for  washing  and 
manufacturing  purposes,  and  here  the  presence  of  a 
large  amount  of  solid  matter  giving  hardness  to  the 
water  is  undoubtedly  injurious."*  This  sentence  must 
not  lead  to  the  inference  that  waters  characterised  by 
an  excess  of  salts  are  always  hard.  Strongly  saline 
waters  are  often  very  soft,  as  for  example  the  waters  of 

*  Eivers  Pollution  Commission^  Sixth  Report,  page  5. 
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many  artesian  wells.  Highly  saline  and  hard  waters 
are  admitted  on  all  hands  to  be  extremely  undesirable 
as  supplies  to  towns,  and  are  especially  objected  to  for 
washing  and  business  purpoaes.  The  excess  of  salts  in 
such  cases  may  perhaps  be  termed  impurities,  but  it  is 
ridiculous  to  speak  of  the  small  quantities  of  saliue 
mattera  in  the  purest  (organically)  spring  waters  as 
impurities ! 

To  estimate  the  amount  of  solid  residue  at  212°  F. 
proceed  thus  : — 

Weigh  an  empty  platinum  dish  of  1 0  0  c.  c.  capacity, 
place  it  over  a  water-batb,  and  pour  into  it  25  c.  c.  of 
the  water  to  be  examined.  Evaporate  to  dryness. 
Again  weigh  the  dish  promptly  to  avoid  the  error  from 
a  of  salts. 


>.  FtatlDDin  DMi.  >  pipe  trtugls  niU  to  ■npport 

L  DeilieT  nonUlDlng  Water.  Uib  Wktr, 


Bi  «mt»loliiB  W»t«r. 

c«  Trlpoti  BUod.  r.  juil- 

D;  BiinHn'a  Snrner.  iDC 

■.  CouK  Win  amue.  on  •rhiek  o(  ■ 

For  ezunple  . — Dish  and  retidne 
Dish 

Weight  of  residue 


MB  In 
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As  25  c.  c.  are  a  quarter  of  100  c  c,  multiply  the 
result  by  4,  and  then,  to  arrive  at  the  number  of  grains 
per  gallon,  multiply  by  '7  thus  : — 

•008 
4 


32 
•7 


22*4 

The  water  contains  2  2  4  grains  per  gallon. 

It  was  formerly  the  practice  to  evaporate  100  c.  c. 
or  70  c.  c.  of  the  water  to  dryness.  K  70  c.  c.  is 
selected,  the  result  exactly  represents  the  number  of 
grains  per  gallon.  Time  is  however  saved  in  the 
analyses  of  several  waters  by  employing  a  smaller 
quantity  of  water.  The  objection  has  been  raised  that 
the  experimental  error,  inseparable  from  aU  analytical 
operations,  would  fall  rather  heavily  on  such  a  small 
quantity  as  25  c.  c.  I  have  found,  without  taking 
any  extra  care,  a  variation  of  1  grain  per  gallon  in  the  re- 
sults obtained  by  taking  the  large  and  the  small  amount, 
a  difference  of  not  the  slightest  practical  importance. 
It  is  quite  immaterial,  from  a  sanitary  point  of  view, 
whether  our  drinking  water  contains  22*4  or  2  3 '4 
grains  of  saline  matters  per  gallon. 

Physicians  well  know  that  a  water  in  which  a  mode- 
rate quantity  of  salts  is  dissolved  (medicinal  waters  ad- 
ministered with  a  specific  object,  and  for  a  limited 
period  only,  are  of  course  excluded  from  consideration)  is 
better  than  one  possessing  an  excess ;  for  the  constant 
imbibition  of  fluids  strongly  impregnated  with  saline 
substances  tends  to  diminish  the  richness  of  the  blood, 
and  to  render  some  people  anaemic.      Although  the 


■  «  ■■< 
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waters  from  the  artesian  wells  in  Essex  contain,  as  a 
rule,  a  very  minute  proportion  of  organic  matter,  yet 
they  hold  in  solution  a  large  quantity  of  salts,  derived 
from  sand  beds  beneath,  and  sometimes  alternating  with 
strata  of  the  London  clay.  These  waters,  associated  as 
they  are  with  so  large  a  quantity  of  saline  matters, 
cannot  be  considered  so  wholesome  as  land  springs, 
equally  free  from  a  deleterious  amount  of  organic 
matter.  I  have  often  seen  the  ill  effects  of  the  con- 
tinued employment  of  waters  rich  in  saline  matters. 
Some  well  waters  have  been  found  to  contain  an 
enormoiis  proportion  of  salts.  I  once  analysed  a  water 
from  an  artesian  well  which  held  in  solution  341 
grains  of  solids  in  each  gallon;  and  have  examined 
waters  exhibiting  the  large  amounts  of  485  grains, 
and  even  795  grains  per  gallon.  Sea  water  is  stated 
to  have  2400  and  2700  grains  per  gallon  of  solids. 

Spring  water  of  the  best  quality  usually  contains 
about  14,  17,  18,  or  19  grains  per  gallon  of  solid 
residue.  A  water  should  not  possess  more  than  30  or 
40  grains  per  gallon  of  solids ;  but  waters  holding  a 
larger  amount  dissolved  in  them  are  in  certain  cases 
permissible,  if  the  salts  are  quite  harmless.  It  is  gene- 
rally found,  according  to  my  experience,  that  when  a 
water  contains  much  more  than  110  or  120  grains  of 
saline  matters  per  gallon,  the  public  will  complain  of  it 
as  brackish  or  hard,  and  refrain  from  employing  it  con- 
tinuously, unless  obliged  so  to  do. 

B.   The  Appearance  of  the  Solid  Besidtie  Before, 
During,  and  After  Ignition, 

Much  may  be  learnt  as  to  the  character  of  a  water  The  tWbct  of 
by  observing  the  solid  residue  obtained  by  the  evapora-  ^ 

H 
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tion  of  a  water  on  a  water  -  bath  to  dryness  before, 
during,  and  after  its  incineration  at  a  dull  red  heat ;  and 
very  little  knowledge  is  to  be  acquired  by  the  estima- 
tion of  the  loss  on  burning  the  same. 

After  the  calculation  of  the  amount  of  solids,  the 
appearance  of  the  residue  is  carefully  observed  and 
noted.  The  platinum  dish  is  then  placed  on  the  pipe 
triangle,  which  rests  on  the  tripod  stand.  The  smallest 
sized  Bimsen*8  burner  should  be  lighted,  and  held  by 
its  foot  in  the  hand.  The  flame  should  be  allowed  to 
play  gently  to  and  fro  around  the  bottom  and  sides  of 
the  dish,  so  as  to  raise  all  its  contents  in  turn  to  a  duU 
red  heat.  Heat  may  be  conveniently  applied  in  a  manner 
equally  gradual  and  gentle  by  holding  the  platinum  dish 
with  a  pair  of  laboratory  tongs  or  pincers  over  the  flame. 

It  will  be  found  that — 

1.  In  cases  where  a  water  is  practically  free  from 
any  organic  matter,  and  the  solids  are  principally  lime 
salts,  there  will  be  no  discoloration  of  the  residue  dur- 
ing ignition.  Tlie  residue  will  become  whiter,  until  at 
length  it  assumes  a  clean  pearly-white  appearance. 

2.  In  cases  where  the  organic  matter  is  small  in 
amount,  tliere  is  a  slight  brownish  discoloration,  which 
is  very  fleeting,  and  passes  like  a  smoky  cloud  away  as 
the  ignition  proceeds,  leaving  the  residue  of  a  dirty 
white  or  neutral  colour. 

3.  Wlien  the  organic  matter  is  in  still  larger  amount 
(especially  if  it  l)e  vegetable)  the  residue  blackens  in 
l>aU»hes  or  waves.  The  colour  is  more  persistent ;  and, 
to  dissipate  it,  tlie  flame  of  the  Bunsen's  burner  has  to 
bo  steadily  directeii  beneath  the  blackened  places. 

4.  When  the  organic  matter  is  excessive,  the  whole 
of  the  n«idue  blackens  rapidly,  even  in  the  upright 
sides  of  tlie  dish,  evolving  a  smell  of  burnt  feathers 
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when  of  animal  origin.  The  colour  is  extremely  per- 
sistent, and  in  some  cases  it  is  very  difficult,  if  not  im- 
possible, to  dispel  it  by  the  application  of  a  dull  red  heat. 

The  residues  of  very  bad  waters  will  sometimes  defla- 
grate. The  tiny  sparks  visible  are  due  to  the  presence 
of  nitrates  in  excess.  An  iodized  starch-paper,  errone- 
ously called  an  "  ozone  test,"  is  held  over  the  dish  by 
some  during  the  ignition  to  detect  any  nitrous  acid  that 
may  be  given  oft.  Eed  fumes  are  sometimes  evolved 
when  these  oxidised  compoimds  of  nitrogen  are  large. 

The  employment  of  the  olfactory  nerves  may  also 
aid  us.  The  smell  of  burnt  hair  or  horn  produced  by 
the  destruction  of  the  organic  matter  is  often  observed. 
The  development  of  a  strong  empyreumatic  odour  is 
suggestive  of  a  bad  water. 

The  smell  of  sulphurous  acid  is  not  uncommon,  in- 
dicating the  presence  of  sulphur  compounds.  The 
residue  of  a  very  bad  water  will  sometimes  emit  an 
offensive  smell  on  incineration. 

The  observ^ations  of  Dr.  Shea  of  Eeading  on  water 
residues  agree  closely  with  my  own.  The  late  Prof. 
Parkes  has  laid  down  the  following  rules  for  the  guid- 
ance of  the  analyst,  on  which  I  could  not  place  much 
reliance : — 

"Three  grains  per  gallon  of  either  vegetable  or 
animal  organic  matter  cause  some  blackening ;  six 
grains  per  gallon,  a  good  deal ;  and  ten  grains  per 
gallon,  a  great  amount." 

The  following  analyses  are  not  selected  for  the  pur- 
I)ose  of  confirming  or  verifying  the  accuracy  of  the 
foregoing  attempt  at  rules  for  guidance,  but  are  taken 
indiscriminately  from  my  note-book.  Instead  of  being 
illustrative  and  typical,  they  would  seem  to  exhibit 
some  variations. 
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«t  0.  a  ¥.—Soa  blue 
day  and  black  sand   . 

89-6 

8-2 

Very 
little. 

.   13 

•02 

i 
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Incikkbatiom. 

Grains 

PKR 

Gallon. 

Opinion. 

miftce  of  Besidue 

Behaviour  of  Residue 
During. 

Appearance  of 
Residue  After. 

Loss  on 
burning 

solid 
Residue. 

7  white.    Faint 
Q  around  base 
ih. 

Faint  brown  line  be- 
came darker,  and  ra- 
pidly disappeared,  evol- 
ving smell  of  organic 
matter. 

Pearly  white, 
copious. 

5 

A  good  water. 

sish    or    dirty 
IT  spots. 

Sides  of  dish  almost 
black.       The  greater 
part  of  residue  turned 
nearly  black. 

•  •  • 

9 

Very  impure.  Con- 
teins  water  fleas. 
Has  produced  diar- 
rhona,  in  one  case 
proving  fataL 

)irty  white. 

Light  brown  wavy 
lines. 

Dirty  white. 

6 

A  good  water. 

r white;  rapidly 
cts  moisture. 

Became  brown. 

Dirty  white. 

15 

Exceedingly  impure 
from  presence  of 
filth. 

f,  almost  black, 

• 

Wavy  lines  disapi>eared 
slowly,  evolving  ^tecu- 
liar  odour. 

1-4 

Too  much  vegeUble 
matter  for  a  public 
supply. 

sparent  film. 

Dirty  greenish  yellow 
lines,  which  soon  dis- 
appeared. 

Whitish  film. 

7 

Pure,  but  in  danger 
of  pollution  by  filth 
in  neighbourhood,  if 
in  non-chalky  dis- 
trict 

ochreish  colour. 

Became  a  dirty  ochre- 
ish colour,  which  was 
followed  by  a  grayish 
tinge.     All  colour  An- 
ally disappeared. 

Dirty  white. 

37 

Very  dirty,  hard, 
and  highly  saline. 

r  white. 

Became   a   very   dsrk 
brown      colour,     and 
evolved       unpleasant 
odour. 

Light-brown 
tint. 

•17 

Polluted  by  animal 
filth.  Persistent  un- 
controllable diar* 
rha?a  produced  by  it 

tefilm. 

No  discoloration.    Be- 
came chalky  white. 

Resembles 
white  enamel. 

19-6 

A  very  hard  but 
pure  water.  Slight 
excess  of  free  am- 
monia is  probably 
due  te  entrance  of 
rain-water  into  well 

i 


1 02     AMOrXT  OF  SOLID  RESIDUE,  ITS  APPEARANCE, 

C  The  Amount  of  Volatile  maiters  burnt  off  by 

Ignition, 

Tlio  amount  of  organic  matter  was  formerly  cal- 
oulaUnl  by  burning  the  dried  solids  and  noting  the  loss 
—II  most  fallacious  estimate, — for  the  water  of  crystal- 
Iijuition  is  driven  off,  carbonates  are  decomposed,  nitrates 
aiul  nitrites  disappear,  and  even  chlorides  if  the  residue 
lA  strongly  ignited.  Tliis  "  loss  on  ignition  "  has  ac- 
cimlingly  been  spoken  of  as  "  substances  driven  off  by 
boat." 

Speaking  generally,  impure  waters  may  be  said  to 
lose  much  by  incineration,  but  this  statement  cannot 
Bttfely  be  regarded  as  an  established  rule,  because  the 
exceptions  to  it  are  so  numerous.  Mr.  Allen  has  ex- 
pressed the  opinion  that  in  a  good  water  the  loss  on 
ignition  is  rarely  more  than  one-fifth  of  the  total  solids 
in  weight. 

Dr.  Shea,  who  has  had  some  experience  with  silica 
residues,  states  that  such  residues  retain  water  very 
persistently,  and  only  lose  it  on  strong  ignition ;  and 
that  an  impure  water  of  this  class  which  he  encountered 
lost  55  grains  out  of  129  grains  of  solids  per  gallon. 

I  have  known  good  chalk  waters  lose  12  and  14 
grains  per  gallon  on  ignition  of  the  solid  residue. 

If  the  medical  oflScer  of  health  should  decide  to 
asceitain  the  amount  of  "  substances  driven  off  by  heat," 
he  should,  when  he  takes  the  solid  residue,  evaporate 
70  c.  c.  instead  of  25  c.  c.  of  the  water  to  dryness,  un- 
less he  possesses  a  first-rate  balance,  otherwise  small 
differences  cannot  be  measured. 

If  the  health  officer  thinks  it  requisite  to  estimate 
quantitatively  the  amount  of  nitrogen  as  nitrates  and 
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nitrites,  the  proportion  of  solid  residue,  the  quantity  of 
volatile  substances,  and  to  note  the  appearances  of  the 
teaidue  before,  during,  and  after  the  application  of  a  dull 
red  heat,  it  will  be  found  most  convenient  to  employ  a 
water  bath,  similar  to  that  used  for  evaporating  milk  to 
dryness,  but  provided  with  larger  holes,  one  to  hold  the 
Berlin  evaporating  dish,  and  the  smaller  to  support  the 
platinum  dish. 


Pig.  S.— A  Copper  Wiitat  Bith. 
A.  Sola  tot  Diilln  enpontlng  dlab.    B,  Hol<  tat  pUtlntun  dlili.    C,  Tripod  itud. 

N.B.—Th»  lOMrtlon  of  ■  niull  pl«a  of  piper  belwaen  ono  at  th*  iltha  uid  the 
edge  of  Utg  ipertun  on  which  it  mU,  inlScea  to  permit  of  the  piupe  of  eteuii. 

Dr.  F.  de  Chaumont  makes  the  foUowing  entry  in 
his  hygienic  classification  of  waters  : — * 


ParumdWTuli- 

1.  DiMt. 

4.  Impun. 

Stmaria. 

HUM     otl      inrln- 
^neljbllckeil. 

i;oder^.^,o.per 

Solid!  niiTbUckeD 

n.^»''ho^X  te 
given  ol 

ato.^^neper 

Much     bUckenlng 

or  Dltroiu  romu 
giTeo  oOl 

Hneh     l,Uck«lng 
•nit  nltrouKumee 
gtveuoir.ormicll 
of  burnt  hom. 

In  p«t  w.ten  the 

m.]ibUekencon. 
■Mereblr. 

•  PurlcM 

Sygiene.     Fifth 

EdiUon. 
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DETERMINATION  OF  THE  HARDNESS. 


grains  of  saline  residue  must  be  hard;  so  that  any 
other  test,  except  taking  the  solid  residue,  is  really  super- 
fluous." It  is  perfectly  true  that  a  hard  water  will 
have  a  large  solid  residue,  but  it  is  quite  an  error  to 
state  that  a  water  possessing  a  large  solid  residue  will 
always  be  hard. 

Here   are  examples  of   organically  pure  and  soft 
waters,  exhibiting  a  large  excess  of  solids : — 


iteL 


Solids— Onins  per  Gallon. 

Total  Hardness — ^Degrees. 

A.  Steeple 98 

B.  Do 103 

C.  Maldon 84 

5 

4 

Seventy  cub.  cent,  of  the  water  to  be  examined  for 
hardness  should  be  placed  in  a  stoppered  bottle,  holding 
about  250  c.  c.  The  standard  soap  solution  is  dropped 
slowly,  by  means  of  a  pipette  graduated  to  ^J'^ths  of  a 
cub.  cent.,  into  the  bottle,  which  is  frequently  shaken 
violently  to  note  the  amount  of  soap  solution  necessary 
to  create  a  persistent  lather.  The  stopper  of  the  bottle 
should  after  each  shaking  be  removed  for  an  instant  to 
aUow  of  the  escape  of  the  carbonic  acid  gas  which  is 
evolved.  If  a  water  is  so  hard  that  the  addition  of  1 6  c.  c. 
of  soap  solution  does  not  produce  a  lather,  add  70  c.  c.  of 
distilled  water,  and  mix.  Then  continue  the  addition  of 
the  soap  solution.  If  the  dropping  of  soap  solution  be 
proceeded  with  until  a  second  16  c.  c.  be  consumed 
without  the  formation  of  a  permanent  lather,  a  second 
70  c  c.  of  distilled  water  must  be  added.  Suppose, 
for  example,  19  c.  c.  of  soap  solution  are  necessary : — 
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19 
Deduct  for  hardness  of  each  70  c.  c.  of  distilled 
water  employed  ......       1 

Degrees  of  hardness 18 

When  a  water  is  very  hard  it  is  desirable  to  decant 
the  contents  of  the  bottle  into  a  larger  one  of  the 
capacity  of  about  500  c.  c.  To  know  the  quantity  of 
carbonate  of  lime,  or  other  hardening  and  soap-destroy- 
ing ingredients  contained  in  the  water,  subtract  1  degree. 
The  water  just  cited  possesses  1 7  grains  of  carbonate  of 
lime,  or  salts  equivalent,  per  gallon.  If  a  water  is 
found  to  be  exceedingly  hard,  35  c.  c.  of  it  should  be 
placed  in  the  70  c.  c.  flask,  and  the  measure  filled  up 
to  the  70  c.  c.  mark  with  distilled  water.  The  quantity 
of  soap  solution  required  to  form  a  lather  with  this 
mixture  must  necessarily  be  doubled  in  recording  the 
result 

Boil  a  sample  of  the  water  for  about  a  quarter  of  permanent. 
an  hour  (some  boil  for  half-an-hour),  and  when  cold 
replace  what  is  lost  as  steam  with  distilled  water.  Allow 
any  floating  particles  that  may  be  present  to  subside, 
and  examine  it  with  the  soap  test.  In  this  maimer 
the  permanent  hardness  is  obtained. 

The  difference  between  the  permanent  and  the  total 
hardness  is  termed  the  temporary  hardness.  Temponuy. 

The  carbonate  of  lime  waters,  such  as  are  employed 
by  large  populations  in  the  chalk  districts  on  the  south 
coast  of  England,  lose  most  of  their  hardness  by  boiling. 
When  the  hardness  of  a  water  is  mainly  due  to  the  presence 
of  the  sulphates  of  lime  and  magnesia  and  chloride  of 
calcium,  boiling  makes  but  little  difiference.  There 
are  some  grounds  for  thinking  that,  whilst  the  former 
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sample  of  water  for  examination,  and  add  to  it  the 
smallest  quantity  of  a  clear  concentrated  solution  of 
oxalate  of  ammonia,  that  is  sufficient  to  throw  down  all 
the  lime,  and  then  they  allow  the  mixture  to  stand  for 
24  hours.     The  water  is  then  boiled  for  half-an-hour, 
and  filtered,  the  loss  being  replaced  by  distilled  water. 
When  cool  the  hardness  is  determined  by  the  soap 
test^  and  the  number  of  degrees  are  multiplied  by  *14, 
to  bring  them  into  grains  per  gallon.     Wanklyn  adopts 
the  following  plan,^  which  is  more  rapid,  and  on  that 
account  is  preferable,  if  equally  accurate,     "  Powdered 
oxalate  of  anmionia  is   added   to   the  water  in  the 
proportion  of  one  gramme  of  the  oxalate  to  one  litre  of 
the  water.      The  mixture  is  shaken  for  a  minute,  and 
filtered.     Having  convinced  oneself  of  the  absence  of 
any  ^e  acid  in  the  filtrate,  and  having  tested  it  with 
a  little  oxalate  to  make  sure  of  the  removal  of  the  lime, 
70  cub.  cent,  of  the  filtrate  are  triturated  with  the  soap 
test  to  ascertain  its  hardness.     If  there  be  any  degree 
of  hardness  beyond  the  one  degree  required  by  pure 
water,  magnesia  is  present     Its  amount  may  be  calcu- 
lated by  multiplying  the  remainder,  after  the  deduction 
of  the  one  degree,  by  the  fraction  Ij^,  which  will  give  the 
quantity  of  carbonate  of  magnesia  per  gallon  of  water." 

It  should  never  be  forgotten  that  a  certain  lapse  of 
time  is  required  for  the  production  of  the  magnesia 
hardness,  whilst  the  lime  hardness  is  instantly  observ- 
able, on  employing  the  soap  test. 

As  examples  of  the  amount  of  magnesia  in  potable 
waters,  the  following  analyses,  which  have  been  pub- 
lished by  Wanklyn  and  Plajrfair,  may  be  cited : — 

♦  Op.  dt. 
I 
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of  ammoniimi  molybdate  and  nitric  acid,  when  a  yelloi 
colour  and  precipitAte  occur."  Tlie  nitric  acid  employe 
should  be  of  the  greatest  purity,  and  free  &om  a] 
coloui.  K  the  phosphates  are  in  very  small  propot 
tion,  the  water  should  he  concentrated  by  evapoiatioi 
previous  to  the  analysis. 


128  MICBOSCOPIC  E3CAMIKATI0N  OF 

The  public  water-supply  of  Llandudno  was  recently  con- 
demned by  Mr.  Wigner,  the  analyst,  on  the  ground,  I 
presume,  of  its  unfavourable  appearance  when  examined 
by  the  microscope,  for  the  results  of  his  chemical  study 
of  it  would  not  certainly  warrant  a  censure. 

Free  Ammonia  .         •068  )  ,,.„.  ,.^ 

Alb.  Ammoma  -06    |  Milligiamme  per  Ltre. 

Nitrogen  as  Nitrates  and 
Nitrites         .         .  *24  gr.  per  gallon. 

Another  class  of  scientific  men  regard  insects  in  water 
-    as  scavengers  that  assist,  like  plants,  in  its  purification, 
and  place  the  greatest  reliance  on  those  great  natural 
purifying  processes  of  oxidation  and  dilution,  the  exist- 
ence of  which  we  are  all  too  prone  to  forget.     They 
urge  that  there  is  no  reason  for  supposing  that  an  ani- 
mal poison  will  attach  itself  to  an  infusorian  animal- 
cule, but  rather  to  organic  matter  in  a  state  of  putre- 
factive change,  and  that  there  exist  good  grounds  for 
Anamnua    thinking  that   an   animal   poison,  when   enormously 
•Barmoofliy  diluted  with  Water,  becomes  harmless,  as  it  does  when 
iJ^J^^J^  very  fireely  mingled  with  the  other  medium,  air.     Per- 
in-'  sonally  I  feel  a  greater  sympathy  with  the  latter  than 
with  the  former  class,  although  there  can  be  no  doubt  but 
that  when  Dr.  Frankland  sees  by  the  aid  of  his  micro- 
scope fragments  of  partially-digested  muscular  fibre  in 
the  water  of  the  Thames,  as  furnished  to  a  portion  of 
the  inhabitants  of  London,  he  is  perfectly  justified  in 
^'^'iTrinc  the  fact  public,  and  in  urging  the  need  for 
Mine  amendment  in  the  condition  of  the  metropolitan 
^^ater-supply. 

Sufficient  attention  has  not  hitherto  been  directed 
^    £he  kind  of  moving  organisms  found  in  drinking 
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water,  and  the  lessons  taught  by  these  diflferences. 
Mr.Ivison  Macadam  has  recently  expressed  the  opinion* 
that  the  presence  of  the  Daphnia  pulex  and  Cyclops  Daphnu 
quadricomis  in  a  water  is  a  proof  of  its  purity,  because  ^^'^^^ 
these  water-fleas  are  not  found  in  bad  waters,  in  which 
it  appears  they  cannot  live.  He  finds  them  in  all  our 
good  impounded  waters,  such,  for  example,  as  that  of 
Edinburgh,  Rothesay,  etc. 

A  perfectly  pure  water  contains  no  suspended  matter, 
nor  any  animal  or  vegetable  life.  The  ova  of  the  round 
and  the  thread  worms,  the  eggs  and  joints  of  the  tape- 
worm, and  small  leeches,  which  may  give  rise  to  grave 
disorders,  should  not  be  forgotten  in  making  micro- 
scopic examinations  of  drinking  waters.  The  excellent 
illustrations  in  Dr.  Macdonald's  Guide  to  the  Micro- 
scopical Hxa^nination  of  Drinking  Water,  wiU  be  very 
helpful  to  students  of  this  branch  of  water  analysis. 
As  scientific  literature  is  possessed  of  this  valuable 
guide,  I  shall  not  dwell  more  on  this  topic  than  by 
making  the  following  extract  from  the  Hygienic  Classi- 
fication of  Waters  contained  in  Parkes*  Hygiene  (5th 
edit.) : — 


1.  Pun  and  Whole- 

2.  UsabU. 

mme. 

Same  as 

MiDeral  matter;  vege- 
table   foniis   with 

No.  1. 

endochronie ;  large 

animal  forms ;  no 

organic  debris. 

8.  Svspieioui. 

Vegetable  and  animal 
forms  more  or  less 

1>ale  and  colour- 
ess;  organic  deb- 
ris ;  flbres  of  cloth- 
ing or  other  evi- 
dence of  house  re- 
fuse. 


4.  Impurt. 

Bacteria  of  any  kind; 
fungi :  numerous  vege- 
table and  animal  forma 
of  low  types  ;  enithelia 
or  other  animal  struc- 
tures ;  evidences  of  sew- 
age; ova  of  parasites, 
etc. 


Those  who  are  conversant  with  the  use  of  the 
microscope  will  recognize  vegetable  tissue,  starch,  epi- 
thelial scales,  human  hair,  the  hairs  of  cats  and  other  ani- 

•  Paper  entitled  ''Animal  Life  in   Fresh  Water  Reservoirs."— 
Aberdeen  Meeting  of  Social  Science  Congress,  1877. 

K 


presence  of  an  abundance  of  confervoid  filaments  on  bot 

occasions.     The  amount  of  chlorine  is  rather  below  th 

average  of  the  soirounding  district,  all  the  purest  watei 

)h  an  abundance  of  chlorides  derive 

ata.     It  is  perfectly  evident  that  th 

vegetable   impurities   to   some   sligh 

accordingly   not  of  the   beat  quality 

J  serious  error  made  by  an  analyst  c 

ho  evidently  relied  on  the  indication 

B  test  for  chlorine   and   the   loss  b; 

I  the   ezclosioQ   of  that  obtained  b; 

imiuation,  which  is  always  desirable  i 
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The  apparent   disagreement   between  the   results  nr> 
obtained  in  water  analysis   by  difTereot  analysts  was  ^^ 
Inought  forward  by  a  gentleman  in  the  Chemical  News  "»« j 
ot  November  19,  1875.     He  publishes  five  analyses  tanjM. 
with  opinions  by  five  chemists  of  repute,  of  the  water 
from  the  same  well,  and  draws  a  conclusion — 


'■  verdict  ia — That  the  water  is  of  good  aualjtj. 

s        „  It  ii  aurface -water,  and  is  tmd. 

a        „  So  much  orgnjiic  niatter  aa  to  be  UDHt  for 

lirinking. 
■        „  A  perTectly  pure  wHter,  and  quite  fit  for  all 

dametitic  purjHiaea. 
'»        „  The  water  is  uuuaually  pure. 

After  sucli  Tenlicta,  aiirely  it  ia  necessary  ve  should  hare  some 


^ly  it  ia 
refonaa  in  our  praetiee  ot  analytical  chemistry. 

The  prominence  given  in  these  analyses  to  the 
mineral  constituents  of  this  water,  to  the  exclusion,  in 
three  out  of  tlie  five,  of  the  more  valuable  information 
as  to  the  amount  of  filth,  is  noticeable.  Tlie  only 
analyses  on  which  it  would  bo  safe  to  offer  an  opinion, 
namely,  tliost!  labelled  C  and  E,  show  the  water  to  be 
one  of  a  variable,  and  for  this  reason  of  a  doubtful,  or 
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CHAPTEE  XIV. 

USEFUL  MEMORANDA  FOR  MEDICAL  OFHCERS  OF  HEALTH 
WHEN  PERFORMING  WATER  ANALYSIS. 

1.  Thoroughlt  wipe  away  all  dust  firom  the  mouth  of  m emoitBdA. 
the  sample  bottle  and  stopper  with  a  dean  glass-cloth 
before  commencing  an  analysis. 

2.  The  hole  at  the  upper  extremity  of  the  standard 
ammonia  solution  burette,  for  admitting  air  when  the 
liquid  is  drawn  ofif  by  the  tap,  should  be  closed  by 
turning  around  the  glass  stopper,  before  leaving  the 
laboratory  for  the  day,  otherwise  evaporation  will  take 
place,  and  the  remaining  standard  solution  will  become 
stronger  than  it  should  be  when  next  employed.  For 
the  same  reason  it  is  undesirable  to  place  more  standard 
ammonia  solution  in  the  burette  at  a  time  than  will  be 
probably  required.  If,  at  the  conclusion  of  one's  work 
in  the  laboratory,  a  little  solution  only  remains,  it  is  as 
wen  to  throw  it  away,  and  replace  it  by  fresh  from 
the  stock  bottle  when  next  wanted. 

3.  On  adding  the  caustic  potash  and  permanganate 
of  potash  solution  in  the  estimation  of  the  albuminoid 
ammonia,  it  will  be  often  noticed  that  on  reapplying 
heat  the  steam  that  first  passes  off  is  not  condensed, 
but  escapes  as  such  into  the  Nessler  glass.  It  is  wise 
to  hold  up  the  Nessler  glass  so  that  the  steam  issuing 
from  the  condenser  tube  may  impinge  on  its  cold  base, 
and  be  thus  condensed. 
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4.  Sample  bottles  are  exceedingly  apt  to  fur,  espe- 
cially in  warm  weather,  if  waters  are  long  kept  in 
them,  and  great  difficulty  is  often  experienced  in 
cleansing  them.  Waters  containing  much  free  am- 
monia are  especially  liable  to  the  growth  of  confen'aj. 
It  is  desirable  to  wash  out  a  sample  bottle  directly  an 
analysis  is  completed.  Bottles  that  have  the  slightest 
fur  about  them  shoidd  be  cleaned  with  strong  impure 
hydrochloric  acid  and  fragments  of  filter-pai>er.  If  tlds 
acid  in  a  cold  state  fails  to  remove  the  fur,  boiling  acid 
must  be  employed.  A  most  thorough  washing  with 
water  is  of  course  indispensable  after  the  use  of  the  acid. 

5.  Look  narrowly  for  insect  life  in  each  sample  of 
water  submitted  for  examination.  If  a  well  water 
contains  animal  life  of  such  a  size  as  to  l)e  perceptible 
to  the  unaided  eye,  it  is  almost  useless  to  analyse  the 
water  for  organic  matter,  of  which  there  is  sure  to  ]>e 
an  excess.  Animals  will  not  exist  in  a  fluid  that  does 
not  possess  organic  matter  on  which  they  c«,n  feed. 
The  presence  of  a  distinct  brown  tinge  in  the  wat^r  is 
often  confirmatory  in  such  a  case  of  the  presence  of 
filth.  Sometimes  specimens  of  entomostraca  may  be 
seen  along  the  edges  of  lakes  and  large  reservoirs  that 
supply  towns  with  water.  In  such  cases  the  volumes 
of  water  with  which  they  are  associated  are  so  enor- 
mous that  an  analysis  does  not  show  any  excess  of 
oigamc  matter  in  consequence  of  their  presence. 

6.  Some  of  the  ammonia  found  in  rain  water  that 
falls  near  dwellings  is  derived  from  the  soot,  for  am- 
monia is  a  product  of  combustion. 

7.  In  the  estimation  of  the  solid  residue  it  is  ad- 
"visable  to  examine  the  under  surface  of  the  platinum 
diahy  after  the  evaporation  to  dryness,  before  the  disli 
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is  weighed,  and  to  carefully  remove  any  saline  matter 
derived  from  the  water  of  the  water  batL  It  is  always 
best  to  employ  distilled  water  in  the  batL 

8.  The  greater  or  less  rapidity  with  which  the  solid 
residue  increases  in  weight  during  weighing  is  an  indi- 
cation as  to  the  amount  of  the  deliquescent  salts 
common  to  water  residues,  such  as  the  chlorides  of  cal- 
cium and  magnesium,  the  nitrite  of  potash,  etc.,  which 
are  present. 

9.  After  the  analysis  of  a  very  impure  water,  it  is 
wise  to  distil  a  little  distilled  water  through  the  retort 
and  condenser  tube,  in  order  to  be  sure  that  the  appa- 
ratus is  perfectly  free  from  any  traces  of  ammonia. 

10.  Loosen  the  connection  between  the  retort  and 
the  adapter  or  condenser  tube  after  an  analysis,  to  pre- 
vent a  fracture,  which  will  sometimes  occur  on  cooling 
if  this  precaution  is  not  taken. 

1 1.  The  health  officer  should  be  prepared  to  deal  with 
frauds  with  which  the  public  occasionally  amuses  itself. 
Analysts  have  received,  for  example,  samples  of  pure 
water  into  which  a  little  soup  or  beef  tea  or  mutton 
broth  has  been  introduced ;  also  samples  of  distilled  water 
as  obtained  from  druggists,  and  samples  of  rain  water. 

12.  Nessler  glasses  are  sometimes  made  of  such 
thick  glass,  especially  at  their  bases,  as  to  give  a  dis- 
tinct tinge  of  colour  to  colourless  water.  It  is  accord- 
ingly wise  to  select  colourless  and  thin  glasses,  which 
should  be  all  of  exactly  the  same  diameter. 

13.  Time  is  economized  and  accuracy  is  promoted 
if  a  separate  graduated  pipette  be  kept  for  each  stand- 
aid  solution.  A  pipette  shoidd  be  filled  by  suction 
with  the  standard  solution  to  which  it  is  assigned,  so  as 
to  moisten  its  interior  before  the  solution  is  employed. 
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water  is  attended  with  risk,  or  even  with  danger. 
Some  may  triumphantly  observe  that  they  have  beenDeiurfoMof 
endangering  their  health  during  a  great  many  years,  ^^^  •"'"^- 
and  are  not,  to  their  own  knowledge,  at  all  the  worse 
for  the  filth  that  they  have  taken  with  their  water. 
They  conclude,  therefore,  that  impure  water,  like  tea, 
which  the  old  woman  of  ninety  was  informed  was  a 
stealthy  poison,  must  be  exceedingly  slow  in  its  action. 
When  will  the  public  learn  that  what  is  apparently 
harmless  to  one  is  poison  to  another ;  that  some  consti- 
tutions are  susceptible  to  a  disease  to  which  others  are 
quite  insusceptible;*  that  the  susceptibility,  when  it 
exists,  may  only  manifest  itself  at  certain  ages  or 
periods  in  a  life,  or  even  times  of  the  year ;  that  a  per- 
son may  at  one  time  be  susceptible  to  a  disease,  and  at 
another  time  be  insusceptible  ?  What  a  mistake  then  is 
it  for  a  man  to  argue  that,  because  he  has  drunk  filthy 
pond  water  all  his  life,  and  fancies  that  he  has  never 
suffered  thereby,  therefore  such  water  is  not  injurious 
to  health,  when  we  physicians  can  demonstrate  that  it 
will  often  produce  fatal  diarrhoea.  Because  pond  water 
does  not  always  cause  such  disastrous  results  to  all, 
such  a  man  will  argue  that  it  can  never  do  so  to  any. 
We  know  much,  but  we  have  yet  much  to  learn  as  to 
the  influence  of  impure  water  on  the  health  of  those  in 
whom  it  does  not  produce  disease.  The  study  of  this 
subject  forms  part  of  the  greater  one,  as  to  the  modus 
operandi  of  various  climates  on  the  health  and  character 

*  Any  amount  of  proof  of  the  accuracy  of  this  statement  is  obtain- 
able. Witness,  for  example,  the  distressing  effects  produced  in  some 
persons  by  the  inhalation  of  the  pollen  of  certain  grasses,  which  are 
known  by  the  name  of  hay  fever,  whilst  the  m^ority  of  persons  are 
unaffected  by  the  same. 
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being  replenished  by  the  fogs  which  they  condense ;  or 
if  a  pond  ia  lined  with  cement,  and  so  protected  as  to 
prevent  the  entrance  of  ditch  water: — water  will  probably 
be  furnished  that  is  admissible.  It  will  not,  in  fact,  diflFer 
from  the  water  of  a  lake  or  reservoir.  Knowing,  as  we 
all  do,  that  pond  water  as  usually  met  with  (1)  is  apt  its  injurioiu 
to  create  diarrhoea  in  summer ;  (2)  that  those  who  * 
drink  it  are  generally  troubled  with  intestinal  worms ; 
(3)  that  these  ponds  are  usually  fed  by  ditches  that 
drain  fields  which  are  often  manured  by  town  filth ; 
and  (4)  that  there  is  a  strong  suspicion  of  the  existence 
of  a  connection  between  the  employment  of  pond  water 
and  the  prevalence  of  malarial  diseases  : — we  cannot,  in 
the  interests  of  the  public  health,  approve  of  its  adop- 
tion for  drinking  purposes.  Families  provided  with  this 
objectionable  supply  generally  either  strain  the  water 
through  muslin,  or  boil  the  water,  or  pass  it  through  a 
filter,  or,  if  very  turbid,  a  pinch  of  alum  is  added  to 
clarify  it.  The  father  of  a  family  drinks  little  else  than 
beer,  and  the  mother's  beverage  is  tea.  In  summer 
and  autumn,  when  there  is  a  tendency  to  intestinal 
disorders,  I  have  known  entire  families,  who  have  not 
taken  the  trouble  thus  to  lessen  the  evil,  thoroughly 
prostrate  from  severe  diarrhoea ;  and  if  the  pond  water 
has  been  fouled  by  the  excreta  of  cattle,  a  form  of  con- 
tinued fever,  resembling  closely  enteric  fever,  has  been 
induced.  If  the  excreta  are  of  human  origin,  the 
danger  is,  of  course,  the  greater.  This  summer  or 
autumn  diarrhoea  is  doubtless  at  times  produced  by 
direct  mechanical  irritation,  and  at  others  by  the 
absorption  into  the  blood  of  septic  matters.  We  have 
most  of  us  in  our  memories  instances  of  persons  who 
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possessing  more  than  others;  accordingly,  the  best 
methods  have  to  be  fenced  around  with  certain  protec- 
tions against  error. 

It  is  a  golden  rule  in  water  analysis  never  to  give  ooidenmiM 
an  opinion  unless  the  analyst  knows  (1)  the  nature  of  ^^^ 
the  source  of  a  water — ^whether  it  comes  from  a  spring, 
or  well,  or  river,  or  rain  reservoir,  etc. ;  (2)  the  depth  of 
the  well,  if  it  is  withdrawn  from  one ;  (3)  the  geology 
of  the  district  from  which  it  is  derived,  together  with 
the  character  of  the  soil  and  subsoil ;  (4)  the  distance 
from  the  source  of  the  water  of  the  nearest  filth  or 
drain.  Another  golden  rule  is  never  to  give  an  opinion 
as  to  the  character  of  a  water  from  an  estimation  of  one 
ingredient  only  in  the  water.  A  very  serious  mistake 
has  often  been  made  by  those  who  practise  the  ammonia 
process  of  water  analysis,  which  has  thrown  great  dis- 
credit on  the  chemistry  of  the  subject.  This  mistake 
has  been  to  deliver  an  opinion  on  the  quality  of  a  water 
which  has  been  solely  formed  from  a  determination  of 
the  amount  of  albuminoid  ammonia  contained  in  it. 
The  practice  of  tabulating  side  by  side  with  the  total 
avwunt  of  alb,  ammonia  in  a  water,  the  fact  of  the  ap- 
pearance or  otherwise  of  any  preventable  disease  amongst 
those  who  had  been  in  the  habit  of  employing  it,  an 
example  of  which  may  be  seen  in  Table  VII.  of  Dr. 
De  Chaumont's  Lectures  on  State  Medicine,  is  apt  to  be 
misleading.  The  arrangement  of  a  table,  in  which  the 
opinion  of  the  analyst  as  to  each  water  (as  formed  from 
the  observance  of  certain  rules  for  guidance)  is  placed 
in  juxtaposition  to  the  name  of  the  disease,  if  any,  ap- 
parently produced  by  it,  would  be  exceedingly  inter- 
esting and  of  great  practical  vedue. 
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The  estimation  of  the  nitrates  and  nitrites  is  valuable 
in  such  cases  as  the  above,  for  it  often  gives  informa- 
tion respecting  the  surroundings  of  the  welL  The  medi- 
cal officer  of  health  can  frequently  clear  up  any  obscurity 
that  may  exist,  by  himself  visiting  the  well  and  noting 
its  situation,  etc. 

Summary  of  Data  on  which  to  base  an  Opinion,     snmiiuuy  or 

dftta  on 

1.  Free  Ammonia — Its  amount.  "^  which  to 

2.  Albuminoid  Ammonia — Its  amount  I     Smell  of   J^^*^™**" 

and  manner  of  distilling  [distillates? 
over.  J 

3.  Nitrogen  as  NUrates  and  Nitrites — Its  amount. 

Nitrates  or  Nitrites  ? 

4.  Solid   Residue — Its  amount.     Behaviour   with 

Hydrochloric  Acid.  Appearance 
Before,  During,  and  After  incinera- 
tion at  a  dull  red  heat.  Amount 
of  Volatile  matters. 

5.  Chlorine — Its  amount. 

6.  Hardness — ^Total,  Temporary,  Permanent. 

7.  Microscopic  Examination  of  Sediment — ^Nature  of 

objects  observed. 

o    -ir  A  1     1  r^  f  Existcncc    OT    nou-cxistence. 

8.  Metals.  <  Copper  >      ^i.  ^  xi_ 

i     y^^      1       If  present,  the  amount. 

9.  Mineral  I  Magnesia,  Salts  of  C  Present  or  ab- 
Matters  <  Sulphates  s  sent.  If  present, 
objectionable  f  Phosphates.  (  the  amount. 

if  in  excess. 

In  the  great  majority  of  cases  that  present  them- 
selves  to   the   medical   officer  of   health    a  complete 
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analysis  of  this  sort  is  not  wanted.  In  nine  cases  out 
of  ten  the  question  to  which  an  answer  is  required  is, 
as  to  whether  a  water  is  or  is  not  polluted  with  filth. 
To  reply  to  this  query  it  is  simply  necessary  to  ascer- 
tain the  amount  of  free  and  of  albuminoid  ammonia.  If 
the  applicant  wishes  to  know  if  the  filth  is  of  animal 
origin  or  decayed  vegetable  matter,  we  must  estimate 
the  quantity  of  chlorine  and  nitrogen  in  the  form  of 
nitrates  and  nitrites.  If  the  interrogation  is  submitted 
to  us  as  to  whether  or  not  a  water  devoid  of  filth  is  in 
other  respects  wholesome,  a  calculation  of  the  amount 
of  solid  residue,  of  the  hardness,  etc.,  is  needfuL 

It  is,  of  course,  desirable  in  water  analysis  to  be 
able  to  appraise  each  determination  at  its  true  value 
in  a  definite  manner,  which  can  be  represented  in  figures. 
J'i^'^lS?^*  Mr.  Wigner  has,  with  this  object  in  view,  constructed  a 
table*  which  gives  the  values  in  degrees  of  impurity  of 
the  several  data  on  which  an  opinion  is  to  be  based. 


ValaAtion 
Tibte. 


5  gre.  total  solids 

1  gr.  loss  on  ignition 

1  gr.  chlorine  calculated  as 

chloride  of  sodium 
'0200  gr.  free  ammonia 
'0010  gr.  albuminoid  am 

monia . 
'1000  gr.  nitrates      . 
'0020  gr.  nitrites 
*0100  gr.  oxygen  absorbed 
5  degrees  total  hardness 
Traces  of  lead  . 
Ditto  copper 
Heisch's  sugar  test   . 
Taste,  good 
Ditto,  slightly  saline 
Ditto,  decayed  leayes 
Ditto,  flat  rain  water 


1 
1 

1 
1 

1 
1 
1 
1 
1 
6 
6 
6 
0 
1 
2 
2 


Taste,  decidedly  offensiye 
SmeU,  flat  rain  water 
Ditto,  urine 
Colour,  pale  yellow  . 
Ditto,  yellow  green  . 
Ditto,  urine  yellow  . 
Ditto,  opaque  yellow  in  2 

ft  tube 
Microscope,  bacteria . 
Ditto,  othersimilar  growths 

in  greater  quantity 
Ditto,  few  living  organisms 
Ditto,  animal  remains 
Ditto,  urea  and  urates  and 

muscular  fibre 
Suspended  matter,  traces  . 
Ditto  heavy  . 


=  6 

=  2 

=  6 

=  2 

=  4 

=  6 

r==    9 

=  3 

=  4 

=  6 
=12 

=18 
=  2 
•=*  4 


Analyst,  March  1878. 
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The  less  the  sum  total,  on  adding  up  the  degrees 
of  impurity  of  a  water,  the  better  its  quality.  A  valu- 
ator below  35  indicates  a  first  class  water ;  one  between 
35  and  55  a  second  class;  and  one  between  55  and 
75  a  third  class  water,  which  is  of  a  suspiciously  dan- 
gerous character ;  whilst  waters  giving  a  higher  value 
than  75  should  be  considered  as  sewage.  The  metro- 
politan companies  furnish  waters  that  show  a  value  on 
this  scale  ranging  between  15  and  22. 

This  table  is  unfortunately  inaccurate  and  mislead- 
ing in  many  ways.  Chlorine  (1  gr.)  for  example,  is  esti- 
mated as  one  degree  of  impurity  without  regard  to  the 
strata  from  which  a  water  is  derived.  I  can  point  to 
waters  of  marvellous  purity  possessing  more  than  thirty 
grains  per  gallon  of  chlorine.  Again,  the  value  of 
nitrates  and  nitrites  from  a  very  deep  well  water,  com- 
ing from  the  chalk,  is  the  same,  so  far  as  the  table  is 
concerned,  as  that  from  shallow  wells  in  porous  soils 
far  removed  from  chalk.  Some  artesian  waters,  be  it 
also  remembered,  of  the  greatest  purity,  are  of  a  pale 
straw  tint.  Again,  the  water  of  a  nevj  well  often  con- 
tains a  little  sand  or  silica  which,  being  heavy,  sub- 
sides readily,  and  is  consequently  not  swallowed,  yet 
two  degrees  of  impurity  are  attached  to  this  fault 
Lastly,  the  smell  of  some  waters  from  clay  soils  disap- 
pears on  exposure  to  the  air,  and  yet  this  defect 
is  registered  as  two  degrees  of  impurity;  whilst  the 
value  assigned  to  the  presence  of  such  highly  objec- 
tionable bodies  as  bacteria  is  represented  by  the  num- 
ber three. 

The  knowledge  of  the  composition  of  the  good  well 
water  of  the  locality  from  which  the  sample  comes, 
which  a  medical  officer  of  health  imperceptibly  acquires 
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after  a  time,  often  aids  him  in  determining  the  nature 
of  the  water  brought  to  him  for  analysis. 


A.    DIAGNOSIS  AND  FORMATION  OF  AN  OPINION. 

1.  The  amount  of  organic  matter  in  the  best  spring 
waters — 

Milligrammes 
per  litre. 
Spring  water  A.  Free  ammonia  '005.   Albmninoid  ammonia  *02. 
„         „      B.  „  -000.  „  „         -01. 

2.  A  good  water  for  drinking  purposes  should  not 
contain  more  than 

Milligrammes 
per  litre. 

Free  ammonia  .         .         .         *0I  or  '02. 

Albuminoid  ammonia        .         .         *03* 

3.  A  water  which  possesses  the  following  amounts 
of  the  two  ammonias  is  classed  amongst  the  suspicious 
waters.  I  have  frequently  noticed  such  waters  as  be- 
longing to  shallow  wells  surrounded  by  soil  on  which 
soapsuds,  etc.,  are  sometimes  thrown. 

Milligrammes 
per  litre. 
Free  ammonia  .  *01  or  *02. 

Albuminoid  ammonia  *12. 

The  suspicion  of  contamination  is  strengthened  if  the 
chlorides  (in  districts  where  these  salts  do  not  abound) 
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and  nitrates  or  nitrites  (in  non-chalky  districts)  are  in 
excess.  An  excess  or  increase  of  the  amount  of  saline 
residue  is  of  unfavourable  omen  in  the  case  of  a  doubt- 
ful water,  for  polluted  waters  generally  contain  a  larger 
amount  than  pure  waters  coming  from  similar  sources, 
although  it  cannot  of  course  be  said  that  a  water  which 
is  highly  saline  is  for  that  sole  reason  to  be  suspected. 
4.  A  water,  with  or  even  without  an  excess  of  free 
ammonia,  which  displays  a  larger  amount  of  albuminoid 
ammonia  than  15  milligramme  per  litre,  should  always  waten  de- 
be  condemned  if  there  is  an  excess  of  nitrogen  as  JlLnnatiflm^" 
nitrates  and  nitrites  (in  non-chalky  districts),  and  an 
excess  over  the  average  of  the  district  of  chlorides.  If 
the  nitrates  and  nitrites  should  not  be  in  excess,  but 
the  chlorides  be  considerably  above  the  average  of  the 
district,  the  water  should  still  be  denounced  as  unfit 
for  drinking.  If,  with  the  above-mentioned  excess  of 
organic  matter,  the  nitrates,  nitrites,  and  chlorides 
should  be  insignificant  in  quantity,  we  should  not  form 
so  unfavourable  an  opinion  of  the  water,  but  would 
suspect  the  organic  matter  to  be  of  vegetable  origin — 
a  view  which  woidd  be  strengthened  or  rebutted  by 
other  evidence,  such  as  that  derived  from  a  microscopic 
examination  of  the  deposit  from  the  water,  etc. 


Water  from  spring  pond 
situated  in  middle  of  a 
meadow.      Water    al- 
ways    running     from 
pond  .... 

Grains  per  Gaixoit. 

MiLLIORAMVES  PKR 
LiTRB. 

Chlorine. 

Nitrogen  as 

Nitrates 
and  Nitrites. 

Pree 
Ammonia. 

Alb. 
Ammonia. 

4-5 

•1 

•08 

•18 

The  amount  of  chlorine  does  not  exceed  that  found 

M 
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6.  If  a  water  possesses  a  large  excess  of  albuminoid  wtten  «». 
ammonia,  and  but  little  or  no  excess  of  free  ammonia,  with  vege- 
and  an  insignificant  amount  of  chlorides  and  nitrogen  **^^^|ois«nie 
salts,  there   is  strong  presumptive  evidence  that  the 
water  is  contaminated  with  vegetable  organic  matter. 

e,g.  Well  water  forded  with  rotten 

leaves          ....    Free  ammonia  •    *05 

(A  little  rain-water  enters  the  well)     Alb.  ammonia,  *30 

A.  B. 

Well  waters  rendered  impure  by     Free  ammonia^  01  None. 

the  decayed  roots  of  trees      .     Alb.        ^         *37  *25 

No  excess  of  nitrogen  as  nitrates  and  nitrites  in 
either  of  these  three  waters. 

Some  peaty  waters  are  an  exception  to  this  rule. 

e,g.  Spring  on  Dartmoor,  Devon 

(water  very  brown)     .         .       Free  ammonia,  *03 

Alb.         „         -11 
Water  from  peaty  well       .         .       Free         „         .06 

Alb.         „         "08 

Peaty  waters  often  yield  equal,  or  nearly  eq^al, 
amounts  of  free  ammonia  and  albuminoid  ammonia. 
When  equal,  or  nearly  equal,  amounts  of  albuminoid 
ammonia  pass  off  in  each  distillate,  strong  evidence  is 
afforded  that  the  organic  matter  is  of  vegetable  origin, 
although  we  must  not  conclude  that  when  the  albu- 
minoid ammonia  does  not  come  over  in  that  manner 
that  the  organic  matter  is  riot  vegetable.  I 

Professor  Wanklyn  teUs  me  that  he  found,  on  experi-        ' 
menting  with  the  albumen  of  the  egg  and  the  gluten 
of  wheat  this  very  important  difference,  as  regards  the        | 
manner  in  which  the  albuminoid  ammonia  often  yields        j 
its  ammonia. 
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Vegetable  Oiganio  Ifatter. 

•04  or  -03 
•03  „  -03 
•03  „  -03 


Animal  Organic  Matter, 

•06  or  -07 
•03  „  -026 
•01  „  -005 


INagniMte  of 
apeatj 


DiAOKOBIB  OF  A  PeATT  WaTEB. 

Saline  Matters4 — Small  in  qnantit7. 

Chlorine,  Do. 

Free  Ammonia. —  1  t,      i  i  i   .  j. 

ATL   J  •  f  Equal,  or  nearly  equal,  in  amount 

Hardness. — ^Very  littla 

Nitrogen  as  Nitrates  and  NUrites, — NU,  or  almost  niL 
VoUitile  Molten, — On  burning  solid  residue,  very  little. 
Behaviour    of    Residue    during    Ignition, — It    blackens   in 
patches  or  waves,  which  colour  is  very  persistent 

^.B.— Water  often  contains  some  hydrogen  sulphide. 


AnalTst 

EnmplM  of  Water. 

OBAUm  FEB  OaLLOV. 

Pabtb  pbk 

MiLUON  s= 

IflLLIOBAMini 

PSB  LlTRC 

Holidi. 

Volatile 
Matters. 

Chlo- 
rine. 

Nitrogen  as 

Nitrates  and 

Nitrites. 

Free 
Amm. 

Altx 
Amm. 

Dr.  Shea 

1.  From  peaty  soil 

10^85 

•95 

1-85 

•26 

•066 

•085 

Do. 

2.  From   peat   in 
sand 

6  06 

•85 

1-4 

None. 

•04 

•06 

Author 

8.  Peat     spring ; 
hardness  2  or 
2i  degrees 

6-00 

1-40 

11 

•02 

•03 

•11 

Dr.  Shea 

4.  From  peat ;  soil 
contained  car- 
bonate of  iron, 
and  consisted 
of    a    chalky 
marl.     Water 
smelt  strongly 
of     hydrogen 
sulphide 

29-35 

1-57 

1-2 

•08 

•06 

i*r.^  — 
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The  knowledge  of  the  source  of  the  water  will  pre- 
vent the  possibility  of  making  a  mistake  between  a 
water  vitiated  with  vegetable  organic  matter,  and  one 
poisoned  by  sewer  gases,  such  as  is  referred  to  on  page 
106. 

7.  If  a  water  contains  an  enormous  excess  of  free  wuen 
ammonia  and  an  excess  of  albuminoid  ammonia,,  the  ^^ntSa 
strongest  evidence  is  afforded  that  a  cesspool  or  urinal  maum, 
is  delivering  its  contents  into  the  welL     Urine  very  diagnotii. 
rapidly  decomposes,  and  developes  carbonate  of  am- 
monia, e,g. — 

Water  from  well  polluted  by  urinal  .^— • 

Milligramme  per  litre. 

Free  ammonia,  above     1*0 
Alb.         „  „  -35 

It  is  necessary  to  remember  that  rain-water  holds  in 
solution  a  large  amount  of  free  ammonia,  derived  from 
the  air  which  it  washes  as  it  descends,  and  from  the 
soot  with  which  it  is  generally  mingled ;  and  that,  in 
consequence  of  the  uncleanliness  of  the  surfaces  that 
collect  it,  which  are  often  stained  with  the  excreta  of 
birds,  it  is  apt  to  exhibit  an  excess  of  albuminoid  am- 
monia. It  is  desirable  not  to  confound  the  water  of  a 
well  polluted  with  urine  with  water  commingled  with 
sooty  rain-water. 

The  manner  in  which  the  free  ammonia  comes  over, 
and  the  collateral  evidence,  almost  render  such  an  acci- 
dent impossible. 

On  distilling  ^  litre  of  rain-water  collected  on  a 
slate  roof  in  the  country,  which  presented  a  slightly 
sooty  appearance,  I  obtained  the  following  result : — 


166     OPINION  AND  PREPARATION  OF  REPORT  AS  TO 

Free  ammonia  *35 

•26 
•12 
•09 
•09 
•04 
•03 

•97 

I  took  off  7  distillates  of  50  c.  c.  each,  and  did  not 
come  to  the  end  of  the  free  ammonia  in  this  ^  litre  of 
water. 

In  the  case  of  a  water  polluted  with  urine,  the  free 
ammonia  passes  over  in  a  wholly  different  fashion, 
€,g.,  in  \  litre. 

Free  ammonia  '38 

•14  . 
•065 
•036 


•620 
In  litre  almve  1  •O  part  per  million  =  milligramme  per  litre. 

r        The  following  differences  between  rain-water  and 
nrine-poUuted  water  should  also  be  borne  in  mind : — 
r        (a.)  Particles  of  soot  may  generally  be  seen  in  rain 
by  the  naked  eye,  or  by  the  aid  of  the  microscope, 
which  are  absent  in  the  latter. 

(J.)  The  latter  will  probably  contain  an  excess  of 
nitrates  unless  actual  sewage  pollutes  the  water,  whilst  the 
former  will  probablyexhibit  onlya  trivial  amoimt,or  none. 

(c.)  The  latter  wiU  possess  an  excess  of  chlorine, 
whilst  rain  wiU  not,  unless  it  falls  near  the  sea. 

(d.)  The  latter  wiU  display  a  greater  or  less  degree 
of  hardness,  whilst  the  former  will  be  soft. 


■jy 
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DiAONOBIB  OF  POLLXTTION  BT  UrINE,  OR  BT  SlOF  AND 

Sink  Wateb. 

Free  Ammonia, — Overwhelming  amount,  from  '50  to  2 
milligramme  per  litre. 

Albuminoid  Ammonia, — ^Excessive.  Often  about  *3  or  *4,  or 
even  '6  milligramme  per  litre. 

Chlorine. — Generally  in  large  excess. 

Nitrogen  as  Nitrates  and  Nitrites.  — In  either  minute  amount, 
or  in  large  excess. 


PiagDotla 
ofpolhitfa 
by  slops, 
etc. 


1 

MiLuonAMin 

Analyst. 

Examples. 

Grains  per  Gallon. 

PER  Litre  =■ 
Part  per 

Remarks. 

HiLUON. 

SoUds. 

VolatUe 
Matters. 

Chlo- 
rine. 

Free 

Amm. 

Alb. 
Ainm. 

Dr.  Shea 

Water    from     well 
close    to    broken 
siuk  pipe 

50 

2 

9 

Very 
abund- 
ant 

•86 

Author 

Water  from  artesian 
well    into  which 
drain    conveying 
urine  from  stable 
leaked 

•  •  • 

•  •• 

8-2 

•51 

•81 

The  ooni« 
paratively 
small  pro- 
portion of 
f^«e  am- 
monia was 
due  to  the 
adroiztnrs 
of  the  urine 
with  a  vast 
quantity  of 
water  in 
this  deep 
welL 

Author 

Same    after    diver- 
sion of  drain 

Water  from  a  Shallow 
WtflL 

•  •  • 

•  •  • 

Nitrogen  as 

Nitrates  and 

Nitrites. 

7-8 

•04 

•08 

Before  ^ 

•  •  • 

75-6 

None     . 

12-8 

•01 

•07 

Author 

Pollution  bv 
-   cont(>iits  of 
Drain. 

After    J 

•  •• 

103 

Abundant 

16 

•69 

•28 

Persistent 
uncontroU- 
sble  diar- 
rhcM  pro- 
duced. 
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]>r.  Shea  has  kindly  sent  me  particulars  of  an  inte- 
nwting  case  where  a  new  cesspool  was  constructed 
iilK)ut  thirty  yards  from  a  well  to  receive  slop  water. 
Fourteen  days  after  its  completion  the  water  of  the 
wiJI  was  noticed  to  taste  unpleasantly.  On  analysis 
it  proved  to  contain  neither  free  nor  albuminoid  am- 
monia in  excess,  for  the  intervening  earth  acted  as  a 
filtt^r.  No  less  than  17*5  grains  per  gallon  of  chlorine 
were  found  in  it,  whilst  neighbouring  unpolluted  wells 
iH)8se8sed  only  1*5  to  2*3  grains  of  chlorine  per  gallon. 


Diagnosis  of  Pollution  bt  Contents  of  Cesspools  and 

Sewebs. 

A  glance  at  the  following  examples  of  waters  pol- 
luted by  cesspools,  and  by  soil  containing  a  large  excess 
of  decomposing  animal  matters,  reveals  immediately  the 
difference  in  the  results  obtained. 


BftmplM. 


Water  from  shallow 
well  near  K.  H. 
B. 


Water  from  shallow 
well  at  A.  L.  a 


MlLUORAMMS 

GBAINa  PER 

PKR  LiTKKbi 

Gallon. 

Partpxb 

MiLUOV. 

SoUda 

Chlorine    ?"**® 

Alb. 

Amm. 

Amm. 

Above 

101 

12-6 

10 
Above 

•24 

• 

50*4 

6-9 

1-0 

•50 

RXMARKB. 


Polluted  by  leaky 
cesspool.  Typhoid 
fever  and  diph- 
theria amongst 
the  owners. 

Accidental  overflow 
into  well  of  cess- 
pool contents 
which,  having 
been  the  reci- 
pient of  the  s])e- 
cific  T)oison  of 
tvphoiu,  spread 
the  disease. 


mtm 
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Free  Ammonia, — In  large  excess. 

Albuminoid  Ammonia, — In  excess. 

Chlorine  somewhat  in  excess,  but  not  so  marked  as  when 
slop  water  is  the  polluting  agent 

Nitrogen  as  Nitrates  and  Nitiites, — If  sewage  passes  directly 
into  a  well — none.  If  sewage  travels  through  some  intermediate 
earth — generally  an  excess. 

8.  Waters  of  shallow  wells  in  towns,  the  soil  of  unnife 
which  is,  for  the  most  part,  more  or  less  filthy,  or  near 
churchyards,  if  found  to  contain  an  excess  of  nitrates 
and  nitrites,  solid  residue,  and  chlorides,  should  be  pro- 
nounced as  unsafe,  although  the  amount  of  free  and 
albuminoid  ammonia  should  be  insignificant,  for  we 
can  never  tell  when  the  earth  may  cease  to  act  as  a 
filter  by  oxidizing  the  filth. 

In  forming  an  opinion  as  to  the  condition  of  a 
water,  we  should,  in  weighing  the  evidence  afforded  by 
the  ammonia  process  for  organic  matter,  adhere  strictly 
to  the  standards  of  purity  that  have  been  laid  down 
after  infinite  toil,  for  the  quantities  yielded  by  it  are 
only  fractions,  although  constant  ones,  of  the  total 
quantity  present.  We  should  be  extra-exacting  as  to 
purity  in  judging  of  a  river  water  that  has  been  pol- 
luted at  some  points  of  its  course  with  the  manure  of 
fields  and  indescribable  filth,  for  these  river  waters 
contain  every  now  and  then  undigested  portions  of 
human  excreta  in  addition  to  living  organisms  visible 
by  the  aid  of  the  microscope,  and  the  accompaniments 
of  all  life  in  water — namely,  dissolved  and  suspended 
oiganic  matter  on  which  these  same  organisms  feed. 
Septic  poisons,  or  the  poisons  of  the  zymotic  diseases, 
attach  themselves  to  organic  filth  undergoing  putre- 
factive decomposition,  in  which  they  find  an  appro- 
priate   nidus    for   development.       It    is    questionable 
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panying  description,  is  most  convenient  for  conveying 
my  report  to  the  sanitary  authority  or  other  applicant : — 


Sanitary  Authority^ 
187 


Analytical  Report. 


Date. 

NAME  AKD  DESCRIPTION  of 
THE  HAMPLB  OF  Water. 

Grains  per  Gallon. 

Parts  per 
Million. 

• 

Hard- 
nets. 

Solids. 

Chlorine 

Nitrogen 
from 

Nitrates 
and 

Nitrites. 

Free 
Am- 
monia. 

Am- 
monia 

fh>m 
Organic 
Blatter. 

Degrees. 

J|0M» 

LONDON   WATER   SUPPLY 

(Thames)       «... 

18-6 

1-2 

•16 

0-01 

0*00 

14 

CO 
H 
v4 

(New  River)  .... 

177 

11 

•17 

0-00 

000 

16 

(Kent  Company)    . 
Very  bad  Water.  Thames  Water 

26-5 

2-1 

•30 

©•01 

0-02 

21 

at  London  Bridge  . 

■  •  •  • 

•  •  •  ■ 

4^00 

1^02 

O^M 

•  •  •  ■ 

P4 

Pare  Sprins  Water  which  sup- 
plies   village    of   Woodham 
waiter 

< 

21 

2-4 

•20 

0-00 

0-01 

6 

Good  Water  fh>m  ShaUow  Well 

depth  !>5  feet . 
Good    Waters    Th)m    Artesian 

SO 

7 

•07 

0-01 

005 

18 

u 

(l(M-4 

87-7 

•03 

001 

0*02 

H 

WellM,    of  different   depths. 

\ 

which  supply  a  Villsge  . 

(  98^0 

87-6 

-00 

0-63 

001 

4* 

Memoranda  as  to  Water  Analysis. 


1.  Any  one  who  wishes  to  have  his  or  her  drinking  Wster  analysed  at  Vu  Public  Expense,  should 

apply  to Clerk  of  the Sani- 

tary  Authority,  for  an  order  firom  this  Authority,  giving  the  reasons  for  his  or  her  request. 
If  the  AuUiority  conHidera  that  some  grounds  exist  for  thinking  that  the  Water  has  proauced 
disease,  or  is  likelv  to  be  injurious  to  health,  the  Authority  will  issue  instructions  through 
its  Clerk  to  the  MtrdicAl  Officer  of  Health,  who  will  on  receipt  of  the  sanii>le  fiom  the  ni- 
spector  of  Nuisances,  analyse  the  water  as  soon  as  possible,  and  communicate  the  result  to 
the  applicant. 

Any  Member  of  either  of  the  Combined  Sanitary  Authorities,  and  any  qualtfled  Medical  man 
prsotining  in  the  Combined  Districts  who  wishes  to  have  ki$  own  drinking  Water  analysed, 
should  cnmniunicaU  dirrct  with  the  Medical  Officer  of  Health. 

Any  qualifle<l  Medical  man  iiractising  in  the  Combined  Districts,  who  considers  it  expedient 
that  the  Drinking  Water  of  a  Patient  on  whom  he  is  in  attendance  should  be  Analysed  at  the 
Public  Ezpenae,  snould  communicate  dirfd  with  the  Medical  Officer  of  Health. 


2. 


S. 


172  CONCLUDINO  REHABKS. 


CHAPTER   XVL 


CONCLUDING  BEMARKS. 


ccmeinding  Beadebs  of  the  foregoing  pages  will  have  perceived 
that  I  do  not  recommend  the  complicated  and  tedious 
process  of  Frankland  and  Armstrong,  and  that  I  cannot 
advise  the  sole  unaided  adoption  of  the  beautiful  pro- 
cess of  Wanklyn,  Chapman,  and  Smith,  nor  the  prac- 
tice of  the  quantitative  permanganate  of  potash  process 
which  is  often  misleading.  Whilst  agreeing  with  the 
inventors  of  the  first  process  as  to  the  necessity  of  re- 
garding the  amoimt  of  nitrogen  as  nitrates  and  nitrites 
in  a  water,  I  totally  disagree  with  Mr.  Wanklyn  in 
relying  solely  on  the  indications  of  the  Nessler  process, 
to  the  exclusion  of  an  estimation  of  these  products  of 
oxidation  and  other  valuable  data  on  which  an  opinion 
should  be  based.  Fallacies,  undoubtedly,  attend  Dr. 
Frankland's  lengthy  method,  and  Mr.  Wanklyn's  rapid 
method ;  and  still  greater  errors  are  associated  with  the 
quantitative  permanganate  of  potash  processes,  whatever 
those  who  are  disciples  of  these  several  methods  may 
think  to  the  contrary.  I  am  myself  indebted  to  each 
process,  more  especially  to  Mr.  Wanklyn's,  in  my 
studies  of  water  analysis.  The  method  which  I  almost 
daily  practise  and  recommend,  and  which  I  have  in  the 
foregoing  pages  attempted  briefly  to  describe,  is,  it  will 
be  perceived,  a  modified  form  of  the  Wanklyn,  Chap- 
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man,  and  Smith  process.  I  am  not  conscious  of  ever 
having  made  a  mistake  in  water  analysis.  This  suc- 
cess is  not  attributable  to  any  exceptional  skill,  but  to 
the  excellence  of  the  process,  which  I  designate  the 
"  Medical  Officer  of  Health  Method,"  because  it  is  par- 
ticularly suited  to  his  wants. 

Recipes  of  Standard  Solutions,  etc.  stjodwd 

Nessler  JSeagmt 

Dissolve,  by  heating  and  stirring,  35  grammes  of 
iodide  of  potassium  and  13  grammes  of  corrosive  sub- 
limate in  about  800  cub.  cent,  of  distilled  water.  Add 
gradually  a  cold  aqueous  saturated  solution  of  corrosive 
sublimate,  until  the  red  colour  produced  just  begins  to 
be  permanent.  Add  160  grammes  of  solid  caustic 
potash  to  the  mixture,  which  is  then  to  be  diluted  with 
sufficient  water  to  bring  the  whole  to  a  litre.  To  render 
the  test  sensitive  add  a  little  more  cold  saturated  solu- 
tion of  corrosive  sublimate  and  allow  it  to  settle. 

This  reagent  is  a  rather  troublesome  one  for  the 
medical  officer  of  health  to  make,  and  that  prepared  by 
different  persons  varies  somewhat  It  is  desirable  that 
every  one  should  obtain  his  Nessler  test  from  one  and 
the  same  source.  Professor  Wanklyn,  in  the  interests 
of  the  process  of  water  analysis,  with  which  his  name 
is  identified,  superintends  the  manufacture  of  all  that  is 
sold  by  Messrs.  Townson  and  Mercer  of  Bishopsgate 
Street,  London,  which  he  guarantees  as  "  quick"  or 
sensitive. 

Standard  Soap  SaltUioiu 
10  grammes  of  Castile  soap  are  dissolved  in  a  litre 
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of  weak  alcohol  (35  per  cent).  If  35  per  cent  alcohol 
is  not  readily  procurable,  it  may  easily  be  prepared  by 
mixing  29  oimces  and  15  minims  of  distilled  water 
with  17  ounces  and  30  minims  of  rectified  spirit 
(generally  84  per  cent),  which  is  everywhere  obtainable. 
One  cub.  cent,  precipitates  qne  milligramme  of  carbonate 
of  lime. 

This  standard  solution  will  not  remain  unchanged 
for  an  indefinite  time.  It  loses  strength.  It  is  wise 
to  make  a  small  quantity  of  fresh  solution  every  three 
or  four  months.  One  and  the  same  water  was  recently 
examined  by  me  for  hardness  with  different  standard 
soap  solutions  of  various  ages,  and  the  following  results 
were  obtained : — 

(a)  19^  degrees. 

(b)  17         „ 
W  16 

(d)  18 

W  17         „ 

It  is  useful  sometimes  to  verify  the  strength  of  a  soap 
standard  solution  by  the  help  of  a  solution  of  pure 
fused  chloride  of  calcium,  1*11  gramme  in  a  litre  of 
water.  One  cubic  centim.  of  the  standard  soap  solution 
should  precipitate  one  milligramme  of  carbonate  of  lime, 
which  is  the  exact  amount  present  in  one  cubic  cent. 
of  the  chloride  of  calcium  verifying  solution. 


Dilute  Standard  Solution  of  Ammonia. 

Keep  two  solutions — a  strong  and  a  dilute.  To  pre- 
pare the  strong  solution  dissolve  3*  15  grammes  of 
Giystallized  saL  ammoniac  in  one  Utre  of  distilled  water. 
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srumrys. 
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To  prepare  the  d3ii:e  5i:I-::rS:r.  ilL-it  -:  n*:.  i^zz.  : 
strong  solution  in  a  Lilr-Irir^  fj^k.  iui  ±Z  r:  -i 
distilled  water. 

Mingle  Tery  thonnjiily  zj  rrnrzi^  zL-t  ni 
several  times  frc»ni  iL-e  !!^£k  ir.:.:  iL-r  ttictl'T.  ini 
the  bottle  hack  asain  in:.:-  tLe  ±i?k-  Tl-r  iil-':^ 
tion  contains  ^hji  TnfTl-'jrar'.r^'r  iz.  -e-izi.  :-*:.  ivrzi. 


-  ^ 


Permanganatt  of  PotojiJK  a^i  C^H.Jicit  Fxcm'.  .>>."/c>:-v 
Permanganate  of  {M^iah  cttsC^ 


solid  caustic  potash  in  sck-ts^  '1 ':  >  ^p&rr.rr.ra  :  iisiiZ-eri 
water,  1  litre.  Boil  the  ac«:-ve.  =-:•  a?  :•:  ti:r:::^Llv  .ii*- 
solve  the  chemicals  in  the  waier.  iL.i  :i:::l1  aV.i:  ^  of 
the  solution  has  passed  off  &s  ?trr.An.  :•:•  •iissfp^e  all 
anunonia.  Replace  the  wai-er  In?:  in  :.-:ilir^.  as  r.rram. 
by  adding  sufficient  diatille«i  ^czez  to  Irir^  h  r.«arfjjL  to 
the  litre. 


Standard  Solution  of  Xj^riU  cf  Sih^^. 

Dissolve  4*79  jrrammes  of  crvr^r.izei  ritrate  if 
silver  in  1  litre  of  distilled  wat-rr.  On-e  ^n\:  c^i::.  pr^ 
cipitates  one  milligranmie  of  chlorine. 
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CHAPTER  XVIL 

THE  PURITY  OF  AIR. 

The    examination   of   air   for    sanitary   purposes    bj 
the  medical  officer  of  health  may  be  deemed  by  some 
as  work  that  is  needless,  and  which  can  be  turned  to 
no  practical  advantage.     If  preventive  medicine  and 
sanitation  is  ever  to  become  an  exact  science,  we  must, 
as  those  who  are  laying  its  foundations,  be  able  to  state 
in  precise  language  the  boundaty  lines  between  whole- 
some  air,  air  to  which  it  is  imdesirable  to  be  fre- 
quently exposed,  and  air  which  is  so  impure  as  to  be 
quite  unfit  for  breathing;  and,  again,  between  the  latter 
and  that  which  is  poisonous.     It  is  as  desirable  to 
know  the  composition  of  the  air  we  breathe  as  of  the 
water  we   drink.      Indeed,  it  is  more  important  to 
attend  to  the  cleanliness  of  a  medium  in  which  we  are 
always  bathed,  and  which  is  continually  passing  into 
and   out  of  our  bodies,  than   of  that  which  is  only 
occasionally,  and  by  some  rarely,  introduced  into  a|i 
organ  which  contains  a  fluid  possessing  a  certain  anti- 
septic and  destructive  power  over  substances  injurious 
to  health.     The  insidious  and  indistinctly  recognizable 
deleterious  effects  on  the  health  of  a  continued  exposure 
of  the  human  frame  is  often  more  marked  in  the  case 
of  impure  air  than  of  impure  water.     The  train  of  evils 
is  so  slowly  but  surely  laid  as  to  even  escape  the  obser- 
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vation  often  of  an  experienced  medical  man,  who  sees 
in  a  case  of  blood  deterioration  by  impure  air  one  of 
imperfect  or  defective  assimilation,  ansemia,  dyspepsia, 
hysteria,  disordered  biliary  functions,  or  one  of  those 
indefinite  and  chronic  ailments  which  lead  the  way  to 
the  development  of  some  visceral  disease.  What  a 
contrast  is  afibrded  by  placing  a  representative  of  the 
rebreathed  and  otherwise  vitiated  air  trades,  who  per- 
haps rarely  sees  the  sun,  by  the  side  of  one  whose  daily 
occupations  are  such  as  to  give  him  the  fullest  benefit 
of  the  purest  air  and  the  freest  exposure  to  solar  light ! 
Bookbinders,  or  factory  girls,  or  miners,  from  one  of  our 
towns  and  colliery  districts,  neither  of  whom  are  exposed 
to  any  distinctly  poisonous  influences,  may,  for  example, 
be  compared  with  sailors.  The  former  are  pallid,  jaded, 
sallow,  afraid  of  fresh  air,  with  uncertain  and  capricious 
appetites,  the  normal  functions  of  the  body  liable  to 
continual  disturbance,  excitable,  generally  affected  with 
a  craving  for  stimulants — alcohol  in  the  male,  tea  in 
the  female — ^to  temporarily  alleviate  their  sensations  of 
depression,  whose  lives  are  brief,  their  average  duration 
being  known  by  all  insurance  companies  with  mathe- 
matical precision ;  whilst  the  latter — ^namely,  the  jack 
tars — present  a  totU  ensemble  indicative  of  the  highest 
degree  of  health  and  buoyancy  of  spirits,  which  is  so 
well  known  as  not  to  need  description.  The  sailor 
likes  his  occasional  drinking  bout  when  he  goes  on 
shore  to  enjoy  freedom,  after  the  confinement  and 
tedium  of  a  voyage,  but  is  no  "  soaker.**  The  moral 
condition  of  a  class  is  intimately  associated  with  its 
physical  state,  but  a  consideration  of  this  connection 
would  lead  us  too  far  away  from  the  scope  of  these 
pages. 
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Medical  officers  of  health  should  be  in  a  position  to 
state  accurately,  when  required,  if  any  given  air  is  or 
is  not  deleterious  to  the  health  of  the  body  continually 
or  frequently  exposed  to  its  influence.  Provided  that 
they  could  positively  lay  down  the  limit  beyond  which 
the  organic  matter  and  carbonic  acid  of  our  rooms,  in 
which  the  majority  of  us  spend  the  greater  portion  of 
our  lives,  should  not  pass,  then  architects  and  in- 
ventors would  soon  find  out  some  simple,  efficient, 
and  economical  mode  of  ventilating  our  houses  and 
public  buildings,  which  are  nearly  all  afflicted  with 
filthy  air ;  and  our  mortality  from  diseases  which  we 
know  now  to  be  indirectly  preventible,  or  capable  of 
considerable  reduction,  such  as  consumption,  bronchitis, 
and  other  pulmonary  affections,  would  be  materially 
lessened. 

Pure  air  contains  the  following  bodies : — 

Composition  of  Air.  oompodMoii 

of  pun  air. 

Oxygen  (Ozone,  an  active  form  of  Oxygen, 

which  varies  in  amount)         .     209*6 

NUrogm 790* 

Carbonic  Add    .  .  .  .  .  '4  J  -S 

Moisture  varying  with  temperature. 

Peroxide  of  Hydrogen         1  .      i 

»rM  J  XT-^  '     A  'J     ?•  occasional  components. 

Nitrous  and  Nitnc  Acids  j  ^ 

Organic  Matter  1  -     ^    x 

j^        .  y  very  mmute  traces. 

Ammonia  j       "^ 

The  purest  air  is  to  be  found  on  mountains,  moors,  or 
far  away  from  contaminating  and  polluting  agencies, 
such  as  aggregations  of  men  and  animals,  manufactories. 


/ 
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OzTgen. 


etc  There  ia  an  ample  proyiBion  in  nature  for  destroy- 
ing the  impurities  of  the  air  produced  by  man,  especially 
the  organic  substances,  some  kinds  of  which  become, 
when  diey  decompose,  injurious  and  often  dangerous  to 
him.  Ozone,  peroxide  of  hydrogen,  and  nitrous  acid, 
are  the  three  great  purifying  agents  contained  in  the 
air,  the  first  named  being  nearly  always  present  in 
greater  or  less  quantity,  the  two  latter  being  the  special 
productions  of  what  the  Germans  call  the  "nieder- 
schlage,"  or  the  great  cleansing  operations  of  nature, 
such  as  the  precipitation  of  the  air-washer  rain,  storms, 
hail,  dew,  falls  of  snow,  etc. 

Oxygen. — ^The  following  results  of  analyses  made 
by  M.  Bejmault  and  Dr.  A.  Smith  show  the  deviation 
from  a  state  of  purity  of  air,  as  respects  its  life- 
supporting  constituent,oxygen  gas,  in  different  situations 
and  under  different  circumstances : — 


Oxygen  in  Air — Summaby  of  Averages. 


i 


By  Mona.  Beynanlt 

Volume  per  cent. 

100  from  Paris           •         .         .         .     from  20*913  to  20*999 

9 

If 

Lyons  and  around 

II 

20*918  to  20*966 

30 

» 

Berlin         .         ,         ,         . 

II 

20*908  to  20*998 

10 

» 

Madrid       .... 

II 

20-916  to  20*982 

23 

II 

Geneva  and  Switzerland 

II 

20*909  to  20*993 

15 

n 

Toulon  and  Mediterranean   . 

n 

20*912  to  20*982 

5 

w 

Atlantic  Ocean  . 

II 

20-918  to  20-966 

1 

9i 

Ecuador     .... 

20*960 

2 

II 

Pichincha,  higher  than  Mont 

Blanc 
Mean  of  all  foregoing 

n 

20-949  to  20-981 

20-949  to  20-988 

ft    y,  the  Paris  specimens    . 

. 

20-96 
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By  Dr.  Angus  Smith.  Yolame  per  cent 

N.E.,  aeashore  and  open  heath  (Scotland)  .         .  80*999 

AtUntic,  lat  43*  6',  long.  W.  17M2'  .  .  20-99 

Top  of  hills  (Scotland) 80*98 

In  a  suburb  of  Manchester  in  wet  weather  .  20*98 

Do.  da  do.  ...  80*96 

In  the  outer  circle  of  Manchester,  not  raining        .         •  80*947 

Low  parts  of  Perth  80*936 

Swampy  places,  favourable  weather  .     20*922  to  20*95 

In  fog  and  frost  in  Manchester  ....  20*91 

In  a  sitting-room,  which  felt  close,  but  not 

excessively  so         .         ......  20*89 

Best  ventilated  wards  in  three  London  hospitals — 

Day 20*92 

Midnight 20*886 

Morning 20*884 

In  a  small  room  with  petroleum  lamp  .  .  20*84 

Ditto,  after  six  hours 20*83 

Pit  of  theatre,  11.30  PJf.  20*74 

Gallery,  10.30  P.ic.  20*86 

About  backs  of  houses  and  closets        ....  20*70 

In  large  cavities  in  metalliferous  mines  (average  of  many)  20  *77 

In  currents  n  n  n  •         •  20*66 

Court  of  Queen's  Bench,  2d  February  1866  .  20*65 

Ditto  at  Lantern 20*49 

Under  shafts  in  metalliferous  mines  (average  of  many)  .  20*424 
In  sumps  or  depressions  in  da             .         .         .         .20*14 

When  candles  go  out         ......  18*6 

The  worst  specimen  yet  examined  in  a  mine         .         .18*27 

Very  difficult  to  remain  in  for  many  minutes       .         .  1 7*2 

By  Various  Scientific  Chemists. 

Heidelberg  (mean  of  28  analyses)  Bunsen  .20*92 

Paris.     Dumas  and  Boussingault  *      .  .20*86 

Faulhom     „  „  ....  20*77 

Brussels.     M.  Stas 20*86 

Qeneva.     M.  Marignac 20*78 

Bern.     M.  Brunner 20*75 

Groningen.     Verver  .      •  .         .  .  20*79 

Copenhagen  20*81 


*  AnmUet  de  Chimie.    1841. 
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The  remarks  that  accompany  Dr.  A.  Smith's  ana- 
lyses, dealing  as  they  do  with  a  point  that  I  have  long 
wished  to  press  on  the  attention  of  the  sanitary  public, 
are  worthy  of  weighty  consideration.  Some  people  will 
probably  inquire  why  we  should  give  so  much  attention 
to  such  minute  quantities — ^between  20*980  and  20*999 
— thinking  these  small  differences  can  in  no  way  influ- 
ence us.  A  little  more  or  less  oxygen  might  not  affect 
us ;  but  supposing  its  place  occupied  by  hurtful  matter, 
we  must  not  look  on  the  amoimt  as  too  small.  Sub- 
tracting 0*980  from  0*999,  we  have  a  difference  of  190 
in  a  million.  In  a  gallon  of  water  there  are  70,000 
grains ;  let  us  put  into  it  an  impurity  at  the  rate  of 
190  in  1,000,000;  it  amounts  to  13*3  grains  in  a 
gallon,  or  0*19  granune  in  a  litre.  This  amount 
would  be  considered  enormous  if  it  consisted  of  putre- 
fying matter,  or  any  organic  matter  usually  found  in 
waters.  But  we  drink  only  a  comparatively  small 
quantity  of  water,  and  the  whole  13  grains  would  not 
be  swallowed  in  a  day,  whereas  we  take  into  our  lungs 
from  1000to2000  gallons  of  air  daily.  If,  by  in- 
halation, we  took  up  at  the  rate  of  13  grains  of  un- 
wholesome matter  per  day — half  a  grain  per  hour — 
we  need  not  be  surprised  if  it  hurt  us.  Such  an 
amount  is  an  enormous  dose  of  some  poisons,  and  yet 
this  is  not  above  one  two-thousandth  part  of  a  grain 
at  every  inhalation.  It  is  marvellous  what  small 
amoimts  may  affect  us,  even  when,  by  repeated  action, 
they  do  not  cumulate  as  certain  poisons  do.  We  com- 
menced by  assuming  very  small  shades  of  difference-^ 
namely,  190  in  a  milliqp ;  but  if  we  examine  the  table 
we  shall  find  much  greater  quantities.  Take,  for  example, 
the  pit  of  a  theatre;  we  have,  by  subtracting  20*74 
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from  20*999,  a  difference  of  2590  in  a  million,  or 
14  times  more.  And  so  on,  we  may  go  to  the  lowest, 
where  we  have  17*2,  which,  taken  from  20*999,  leaves 
3*799,  or  37,990  in  a  million,  or  200  times  more  than 
the  first  example. 

Carbonic  Acid, — It  has  been  experimentally  shown  carbonic 
that  the  quantity  of  carbonic  acid  in  the  air :  (1)  is 
greater  in  the  night  than  by  day  on  land,  due  doubt- 
less to  the  large  amount  evolved  by  vegetation  during 
the  hours  of  darkness ;  (2)  is  slightly  increased  towards 
noon  and  after  rain ;  (3)  is  greater  in  the  air  collected 
above  the  ocean  by  day  (*05  per  cent)  than  by  night 
('03  per  cent).  M.  M^ne*  has  found  that  the  pro- 
portion of  carbonic  acid  in  the  air  varies  at  different 
seasons,  being  constant  in  December  and  January, 
increasing  in  February,  March,  April,  and  May,  and 
decreasing  from  June  to  August,  increasing  again  from 
September  to  November,  and  attaining  its  maximum 
for  the  whole  year  in  October.  Saussure  discovered 
that  the  carbonic  acid  of  mountain  air  is  in  larger  pro- 
portion than  in  that  of  plains. 

The  observations  made  by  M.  Mari^-Davy  at  the 
Montsouris  Observatory,  which  is  situated  at  the  junc- 
tion of  Paris  with  the  country,  seem  to  furnish,  as  a 
rule,  much  lower  results  than  are  obtained  by  Mr. 
Dixon  in,  and  in  the  vicinity  of,  Glasgow.  Whilst  the 
percentage  ranges  between  '02  and  *03  at  the  former 
station,  it  somewhat  exceeds  *03  at  the  latter  stations. 
Nor  is  this  divergence  wholly  due  to  differences  in  the 
quality  of  the  air  around  Paris  and  aroimd  Glasgow. 
There  is  a  very  strong  probability,  almost  amounting 
to  certainty,  that  it  is  partly  owing  to  the  greater 

*  Comptea  Bendus,  lyu.  155. 
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speed  at  which  the  air  is  passed  through  the  chemical 
reagent  at  Montsouris  than  at  Glasgow.  M.  Mari^- 
Pavy  transmits  air  through  his  aspirator  at  the  rate  of 
about  10  cubic  feet  per  hour,  whilst  Mr.  Dixon  sends 
1  cubic  foot  of  air  through  his  absorbing  solution  in 
the  same  space  of  time.  Chemical  action  consumes  a 
certain  definite  time,  and  if  we  hurry  air  through  a 
chemical  solution,  intended  to  withdraw  from  it  any 
body  which  it  contains,  too  rapidly,  the  air  is  not 
thoroughly  deprived  of  the  same. 

Becent  experimenters  have  found  a  larger  amount 
of  carbonic  acid  on  the  summits  of  high  mountains 
than  on  their  sides  at  a  lower  elevation.  ( Vide  following 
Table.)  The  observations  made  by  M.  G.  Tissandier  in 
his  late  ascent  in  the  balloon  named  the  "  Zenith,"  are 
confirmatory  of  their  results,  for  he  found  at  an  altitude 
of  from  800  to  890  metres  that  the  amoimt  of  carbonic 
acid  in  the  air  was  '024  per  cent,  and  at  1000  metres 
'03  per  cent  *  Although  many  explanations  of  what 
must,  I  suppose,  be  admitted  as  a  fact  have  been 
attempted,  not  one  has  as  yet  been  offered  which  is 
altogether  satisfactory. 

As  in  the  case  of  the  amount  of  oxygen,  so  in  that 

of  the  quantity  of  carbonic  acid,  in  pure  or  moderately 

pure  air,  there  is  a  remarkable  absence  of  discrepancy 

in  the  analyses,  made  by  different  chemists  by  dissimilar 

processes,  of   air   taken    under  similar  conditions    in 

various  parts  of  the  world.  Per  cent 

Mean  of  18  analyseB  on  Lake  Geneva,  by  Saaasure  f   .     '0439 
Air  of  Madrid  outaide  the  walla.     Mean  of  1 2  analyses 

by  Luna  X '045 

*  Ccmptes  Jttndua,  12th  April  1875. 

t  Ann,  de  Chem.  et  de  Phys,,  toI.  zliv.     1880. 

t  BstudioB  quimicoB  9obre  it  aire  atmoaflrico  de  Madrid,    1860. 
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n 


99 


»f 


Air  of  Madzid  inode  the  walli.     Metn  of  IS  analjiefi 

bj  Lima  ...... 

Air  of  ICnnidi,  by  Pettenkofer  *       .         .         .         . 

Air  of  nunmit  of  Mont  Bknc,  br  FruiUAZid  f    . 
Air  orer  Izish  Sea,  Jnlj  and  August  (Dt.  Thorpe)  %    . 
Air  in  Brazil  (April  and  May)  .... 

Hillfi  abore  3000  feet      .         .         .  (A.  Smith) 

between  2000  and  3000  feet   .  „ 

„       1000  and  8000  feet    . 

„     below  1000  feet      .... 
At  the  bottom  of  the  aune  hills 
On  hills  in  Scotland  from  1000  to  4406  feet 
In  the  streets  of  London  (snmmer)     . 
In  the  London  parks  and  open  places 
On  the  Thames  at  London 
At  the  Mantsonris  Obsenatoir,  nesr  Puis — 

Mean  of  results  for  six  months,  December  1876  to 
May  1677 

In  the  streets  of  Glasgow  (£.  M.  IMxod).     Mean  of 
results  for  May  and  June  1877 
Air  of  S.W.  snbnibs  of  Leicester  (Wearer) 


PeroenL 

•051 

•050 

•060 

•030 

•038 

•0336 

•0338 

•0334 

•0337 

•0341 

•0332 

•0380 

•0301 

•0343 


•0278 

•0304 
•0460 


*  HandvjCfrierbuck  dtr  CKemit — VentiUtioii. 
t*'Oath«AirofM<mtBknc;'V&vnia;o/C%«iium/5baety.   1861. 
t  Juurmal  of  Cktmiad  Sodety.     1867. 
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DIFFERENT  KINDS  OF  IMPURITIES. 


DiflRnmt 

modes 

whereby  ftir 

lideterio- 

ntedin 

qnellty  and 

defiled. 


The  air  is  deteriorated  in  quality  and  defiled  by — 

1.  Eespiration  *  and  Transpiration. 

2.  Combustion. 

3.  Putrefactive  processes,  sewage  emanations,  and  ex- 

cremental  filth. 

4.  Gases,  vapours,  and  suspended   metallic,  mineral, 

and  vegetable   matters  given  ofiF  by  trades  and 
manufactories. 

5.  Poisons  of  unknown  nature  evolved  by  damp  and 

filthy  soiL 

*  The  changes  that  are  found  to  have  taken  place  in  pure  air  that 
has  been  respired  are  roughly  the  following  : — 

(1.)  100  parts  of  air  contain  only  13,  instead  of  about  21,  parts  of 
oxygen,  the  missing  8  parts  having  been  withdrawn  by  the  blood 
corpuscles  in  the  lungs. 

(2.)  The  '03  or  *04  part  per  cent  of  carbonic  acid  is  increased  to 
between  4  and  5  per  cent 

(3.)  An  increase  of  watery  vapour  is  noted,  which  is  loaded  with 
organic  matter. 
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CHAPTEE  XVIII. 

ORGANIC   MATTER.  Organic 

Matter. 

All  air  contains  some  organic  matter,  which  may  be 
of  different  kinds.  It  has  been  divided  into  (a)  the 
wholesome,  (b)  the  neutral,  (c)  the  putrid,  and  (d)  the 
organized  =  dangerous  form. 

I  apprehend  that,  in  designating  any  particular 
kind  of  organic  matter  as  wholesome,  it  is  not  intended 
to  convey  the  idea  that  the  presence  in  air  of  this 
variety  is  conducive  to  health,  but  rather  that  it  does 
not  influence  health  in  one  way  or  the  other.  It 
would  be  as  well  perhaps  to  combine  the  "  wholesome  " 
and  ''  neutral ''  into  one  class,  thus  making  only  three 
varieties.  It  may  be  said  at  the  outset  that  it  is  quite 
impossible  by  chemical  means  to  distinguish  one  variety 
of  organic  matter  from  another. 

Organic  matter  may  be  of  an  animal  or  of  a  vege- 
table nature,  but  the  sum  and  substance  of  all  the  most 
recent  observations  on  air  is,  that  the  bodies,  the  pre- 
sence of  which  creates  the  difference  between  good  or 
healthful  air  and  bad  or  deleterious  air,  are  mainly  of  a 
nitrogenous  organic  character. 

Animal   organic   matter  is   thrown   off  from   theA"»*>»^ 
lungs  in  respiration,  and  from  the  skin  by  transpira- 
tion, in  a  state  of  invisible  vapour  and  of  epithelial 
dust.     In  1870  Dr.  Bansome  read  a  paper  *  "  On  the 

*  Proc  of  Manchester  Phil  Soc,  22d  February  1870. 
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from  decomposing  animal  matters,  such  as  manure, 
sewage,  effete  matters  from  the  lungs  and  skins  of 
men  and  other  animals. 

Some  express  the  amount  of  the  ammonia,  and  the 
ammonia  derived  from  albuminoid  ammonia,  which  they 
detect  in  air,  in  terms  of  nitrogen,  by  multiplying  by 
14,  and  dividing  the  result  by  17.  The  nitrogen  from 
both  kinds  of  ammonia  being  added  together,  is  recorded 
as  the  total  nitrogenous  matter  in  the  sample. 

The  old  methods  of  estimating  ammonia,  in  vogue 
before  the  discovery  of  the  Nessler  test,  yielded  most 
contradictory  evidence.  The  invention  of  this  re-agent, 
which  can  be  worked  with  marvellous  delicacy  and  pre- 
cision, has  inaugurated  a  new  era  in  air  and  water 
analysis.  The  following  observations  have  all  been 
made  by  its  assistance  in  different  ways,  which  will  be 
described,  in  connection  with  the  names  of  the  analysts, 
in  the  chapter  on  "  The  Chemical  Examination  of  Air," 
page  272 : — 


OEGANIC  MATTBR. 


193 


Air-Washings. 

By  Dr.  Angus  Smith,  Mr.  W.  A.  Moss,  and 

Dr.  C.  B.  Fox. 


MlLUORAMKX  IH  OVI 

CUBIO  MSTRB  OF  AlR. 

Sampls  or  Aib. 

Tims  and  Wxathkb. 

Ammonia. 

Albuminoid 

Ammonia. 

In  Manchester. 

Laboratory  Office,  1 0  A.M. 

.... 

•106 

•266 

II              II          *  P.M. 

.... 

•138 

•293 

Gas-room,  10  a.m. 

.... 

•130 

•213 

II        II         ^  P.M.           . 

.... 

•190 

•427 

Yard  behind  laboratory 

Fine,  Oct  28,  1869  . 

•095 

•095 

II        II             If 

Freezing,  snow  on  the 

ground,  Dec.  28    . 

•106 

•356 

II        II             II 

Damp,  Jan.  13,  1870 

•059 

•213 

II        II             II 

Fine,  Jan.  25,  1870  . 

•190 

•316 

II        II             II 

Fo^,  Jan.  26,  1870 

•142 

•221 

Street,  open 

Raining,  and  strong 

Ayerage 
Bedroom,  9  p.m. 

wind,  Dec.     , 
.        .        .        • 
Feb.  15,  1870  . 

•071 

•261 

•122 

•266 

•066 

•190 

II        II         •  A.M.             . 

Feb.  16,  1870    . 

•095 

•334 

II        II             II                 • 

Average 
Midden 

Nov.  1,  1869     . 

.... 
Fine,  cold,  Oct  27    . 

•142 

•190 

•101 

•238 

•533 

•533 

II             ... 

„        „    Oct  28    . 

•237 

•475 

II             ... 
Average 
In  London, 

„        „    Oct  29    . 
•        .        .        . 

•237 

•237 

•336 

•415 

Air  of  the  Undergronnd 

Nov.  11  and  12  (morn- 

•109 

•457 

Railway   (Metropoli- 

ing) 

tan),  1869 

Do.    do. 

Nov.  15,  1  to  3  P.M. 

•034 

•289 

Chelsea  (three  places)  . 

Nov.  4,  windy  . 

•045 

•110 

Brompton    ,,     ,, 

Nov.  4,  windy,  and  a 

shower  of  rain 

•047 

•128 

By  Dr.  A. 

Smith. 
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MiLLiaRAMMB  IN  OnE 

Samplb  or  AiB. 

Tim  AXD  Wkather. 

Cubic  Msrax  or  Air. 

Ammonia. 

Albuminoid 
Ammonia. 

H^de  Park  (two  places) 

Nov.  5,  morning,  fine 

•028 

•086 

King's  CroB8(two  squares) 

N  ov.  8,  dull  and  windy 

•047 

•133 

Wobam  Square  and  off 
Regent  Street 

Nov.  11,  frosty. 

•038 

•133 

Space    near     Holbom 

Nov.  11,     „     . 

•028 

•152 

Viaduct 

Islington,  Hoxton,  Dal- 

Nov.    8,  showery     . 

•061 

•149 

ston,  and  Hackney 

Bethnal  Green  and  Step- 

n  AIT 

Nov.  9,  dull      . 

•095 

•190 

II6V 

Lan^e    yard   near   St. 
£ithaTine*s  Docks 

Nov.  9,    „ 

•068 

•157 

London  Bridge     .        • 

Nov.  10,moming,  cold 

and  damp 
Nov.  9,  dull     . 

•062 

•139 

The  Bank  of  England  . 

•066 

•142 

Westminster  Ab^y  Yard 

Nov.  6,  fine 

•047 

•085 

Embankment  of  Parlia- 

Nov. 18,  windy 

•048 

•164 

ment  Houses 

Back  street  near  Lam- 

Nov. 10,  fine    . 

•208 

•241 

beth.  Workhouse 

New  Kent  Road,  Plea- 

sant Place,  Eenning- 

Nov.  10,  fine    . 

•057 

•145 

ton  Park 

Near  Yauzhall  Bridge 

Nov.  6,      „      . 

•088 

•152 

Cavendish  Place,  Wands- 

Nov. 6,      „      . 

•066 

•133 

worth  Road 

A  field  two  miles  past 

Nov.  18,  very  strong 

Clapham  Junction 
Average 
In  Olasgow, 

wind 

.... 

•067 

•271 

•061 

•150 

A  green  in    Elmbank 

Feb.  26,  S.,  thawing, 

Street,  near  St.  Yin- 

snow  on  the  ground 

•079 

•269 

cent  Street 

Union  Street,near  Argyle 

March    1,    W.S.W., 

Street 

fine        .        •        . 

•095 

•407 

(Charlotte  Street,    Gal- 

lowgate 
Finnieston  Quay 

Average          . 

March  2,  fine    . 

•101 

•258 

March  1,  W.S.W.     . 
.        •        .        . 

•036 

•285 

•078 

•804 

Shore,  Innellan,  Firth 
of  Clyde 

March     8,     N.N.K 
wind    • 

•052 

•187 

ORGANIC  MATTER, 


195 


AIR-WASHINGS— CbfUinuMK. 


^ 

Cubic  Mma  of  An. 

Samfiji  €kw  Arm^ 

'Pnff*    AWT>  lVVA<l>Bn 

Ammonia. 

AHmminoid 
Ammonia. 

In  Portsmouth. 

Byllr.  W. 

Mean  of  ei^ht  observa- 

Air obtained  at  eleva- 

AMon. 

tions  at  different  times 

tion  of  20  feet 

-098 

•088 

in  open  air 

Rooms  (Officers'  Qnar- 

•        •        •        . 

-486 

•462 

ten) 

No.  5  Ward  of  Hospital 

•       •        •        • 

-428 

1-807 

Do.           do. 

•        •        .        * 

-865 

1018 

Na  7  do.           do.  • 

•        •       •        • 

•620 

•768 

Variola  Ward 

Both  were  freely  ven-  >i 

Rubeola   Waid  (chil-  - 
dren)     . 

tilated,  and  in  both 
disinfectants  were 

-809 
•226 

•416 
•197 

freely  used            J 

• 

Room  containing  medi- 

•       .        •        . 

•169 

•282 

cal  stores 

Do.           do. 

.... 

-210 

•188 

Respired  air  in  health  f 
Do.           do. 

«... 

•218 

•646 

.        •        •        . 

•122 

•169 

Do.           do. 

.... 

•112 

•099 

Do.           do. 

•        •        .        • 

•144 

-177 

In  Efatx, 

ByCR 

Air  on  banks  of  Thames 

Wind   flowing   from 

Foz,lf.D. 

after    passing    over 

river  to  shore 

•08 

•10 

marshes 

Air  of  sitting-room 

Occupied  by  one  per- 
son for  several  hours. 
Good  fire.    Venti- 
lation by  drauffhts 
underneath  aoor 

and  windows,  which 

• 

open  to  ground 

•066 

-266 

Air  of  bedroom  after 

No  ventilation  of  any 

being   occupied     by 

kind 

•264 

1-867 

three  persons  for  nine 

hours,  at  7  a.m. 

Pure  air  of  meadow 

•        •        •        .1 

•066 

-044 

*  The  amount  of  impurity  found  in  the  air  of  this  ward  gives,  I 
should  imagine,  a  fair  ezamnle  of  the  state  of  a  fully  occupied  wud 
under  ordinary  conditions. — W.  A.  M. 

t  These  analyses  show  a  considerable  variation  in  purity,  even  in 
the  same  individual.  It  appears  probable  that  a  far  larger  amount  of 
organic  matter  passes  into  tne  air  from  the  skin  than  the  lungs. 
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The  obeervations  that  are  now  being  conducted  on 
the  air  of  several  parts  of  the  city  of  Glasgow  by  E. 
M.  Dixon,  Esq.,  B.  Sc,  show,  as  regaids  its  organic  im- 
purities, an  increase  with  an  augmentation  of  tempera- 
ture, which  is  the  principal  factor  concerned  in  late 
summer  in  the  greater  activity  of  all  putrefactive 
changes  in  nitrogenized  material. 

SnxMART  of  Atbbaobb  of  Amhohia  and  Albuminoid  Ammoku,  ud 
their  Eqnivilenta  in  NiraoasN,  in  100  Cubic  Feet  of  Air,  lu  the  Air 
of  Glasgow,  daring  the  Summer  kud  Aatnmu  of  1877- 


I 


29i        sa 


sc        sai 


Sf¥  m: 


The  foregoing  observations  are  of  great  interest,  and 
open  out  to  tu  a  field  of  research  into  the  laige  subject 
of  chemical  climatology,  which  is  very  attractive.  The 
proportion  of  oi^anic  matter  in  air  is  also  estimated  by 
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making  examinations  of  the  amount  contained  in  that 
great  air-washer,  rain«  Bain  dissipates  the  deleterious  Bain, 
gases  which  accumulate  and  float  over  towns  and  cities. 
It  brings  down  from  the  higher  regions  of  the  atmo- 
sphere a  more  salubrious  air,  and  by  the  flushing  of 
drains  and  cleansing  of  the  surface  of  the  country,  aids 
in  the  prevention  of  the  contamination  of  the  air  by 
the  exhalations  of  animals,  and  by  the  decomposition 
of  animal  and  vegetable  matter  which  is  incessantly 
proceeding.  The  following  analjrses,  made  by  Dr. 
Angus  Smith,  evince  very  important  differences : — 


Eain  Waters  collected  during  1869. 


Dannstadt,  Febmaiy 

Do.        during  a  thunderstorm,  May  26 
Zwingenburg,  near  Heidelberg,  July 
Heidelberg,  June  15 

Tyree,  May  • 

Kelly,  Wemyss  Bay,  south-west  wind,  June  2  to  15 
St.  Helens,  west  wind,  Februaiy  18  to  March  11 

Do.      April  23         ...         . 

Manchester,  30  feet  from  the  ground,  August 

Da         same  place,  September 

Da         12  feet  from  the  ground,  February 

Do.         same  place,  June 

Do.         during  a  thunderstorm.  Bain  had  iSallen 

heavily  just  before.    Collected  about 

2  feet  from  the  ground,  September  10 

Da         2  feet  from  the  ground,  behind  the 

Literary  and  Philosophical  Society, 

September 

*  A  laige  kelp  work  exists  on  the  island. 


Albuminoid 
Ammonia. 

Parts  per 
Million =Milligr. 
per  Litre. 

•30 

•075 

•15 

•087 

•30 


•075 

•15 

•20 

•15 

•30 

•30 

•15 


•079 


•25 
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The  close  agreement  in  chemical  composition  as  re- 
gards the  amount  of  organic  matter  of  pure  air,  and  of  rain 
that  falls  through  country  air  far  away  from  animal  and 
vegetable  vitiating  agencies,  and  of  well  water  of  aver- 
age cleanliness,  cannot  but  attract  the  attention  of  the 
analytical  student  of  nature.  About  '08  of  one  part  per 
million  appears  to  be  the  mean  amount  of  albuminoid 
ammonia  contained  in  au*,  in  rain,  and  well  water  that 
has  not  received  any  extra  impurities  from  organic  life. 
The  study  of  the  compensatory  forces  of  nature,  as 
manifested  in  that  universal  tendency  to  a  restoration 
to  a  state  of  equilibriimi  of  everything  that  has  to  some 
extent  departed  from  it,  may  well  occupy  the  minds  of 
those  whose  pursuits  lead  them  to  the  contemplation 
of  the  laws  by  which  this  world  is  governed  in  special 
relation  to  the  life  and  health  of  its  inhabitants. 
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CHAPTER  XIX 


OXIDES  OF  CAKBON. 


A.  Carbonic  Acid, — ^The  discomfort  which  we  experience  carbonie 
in  badly  ventilated  rooms  was  formerly  considered  to  ^*^ 
be  occasioned  by  the  production  of  carbonic  acid.  We 
now  know  that  it  is  caused  mainly  by  organic  matter, 
and  that  an  excess  of  carbonic  acid  can  be  borne  with- 
out ill  effects,  if  the  air  be  free  from  deleterious  gases 
and  an  excess  of  organic  impurity.  Still  the  amount 
of  carbonic  acid  is,  as  a  rule,  a  measure  of  other 
accompanying  impurities  in  the  air,  for  it  is  almost 
always  found  in  bad  company. 

A  confidence  in  our  powers  of  measuring  very 
accurately  the  minutest  quantities  of  carbonic  acid  is 
established  by  the  harmony  that  has  been  already 
shown  to  exist  on  page  187,  between  the  results  ob- 
tained by  analysts  on  air  of  varying  degrees  of  purity, 
which  is  still  further  increased  by  our  study  of  such 
an  interesting  series  of  observations  of  air,  of  various 
degrees  of  impurity,  collected  together  in  the  following 
Table : — 
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Carbonic  Acid  in  Pubuc  and  Private  Buildings  in 


Nature  or  Buildimo. 


1.  Boot  And  shoe  finisher 

2.  Framework  knitter 
8.  Ditto        ditto       . 

4.  Boot  and  shoe  finisher 
6.  Needlemaker 

6.  Tailor's  workshop  . 

7.  Boot  and  shoe  finisher 

8.  Tailor's  workshop  . 


9.  Elastic  web  mannfactarer 
10.  Fancy  hosier 


11.  Boot  and  shoe  riveter    . 

12.  Riyeting-room  of  boot  manufacturer 


18.  National  school :  Science  class-room 

14.  Ditto  Boys'  day-room 

15.  Ditto  Girls'  day-room 


16.  Ditto  Boys'  day-room 

17.  Ditto  Girls'  day-room 

18.  Police  Court :  The  Mayor's  parlour 

19.  Ditto  The  Town-Hail 

20.  Private  house  :  sitting-room 

21.  Worsted  spinner's  preparing-room 

22.  Ditto  doubling-room  . 


28.  Town-Hall  during  Quarter  Sessions 
24.  Prisoners'  cell  in  police  station 


-^ 


Number 

of 
■penoiiB 
present. 


1 


6 

14 

10 

7 

6 

20 

12 
25 


20 
9 

18 

18 


800 
160 

20 

100 

7 

50 

50 


800 
1 


Space  for 

each 
person  in 
cubic  feet 


51 
186 
821 
197 
800 
867 

191 
280 


488 

288 
205 


200 
286 
116 


139 
848 

270 

280 

154 

1810 

1810 


80 
285 


Temp,  of 

building 

inF. 


78 
65 
65 
78 
60 
67 

66 
70 


60 
68 

66 
69 


60 
55 

58 


58 
55 

54 
52 
60 
57 
60 


65 
57 


Lancet,  July  6,  August 
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Leicester,  by  R  Weaver,  C.E.,  F.C.S.^ 


Carbonic 

acid 
per  100 
of  air. 


Number 
of  gas- 
lighto 

burning. 


•628 
•632 
•408 
•460 
•287 
•806 

•259 
•217 


•211 
498 

•172 
•328 


•241 
•116 
•164 


•168 
•108 


8 

14 
8 
4 
6 

18 

8 
26 


80 
10 

9 
10 


6 


809 

— 

204 

— 

120 

_^ 

098 

— ^ 

804 

1 

106 

— 

174 

60 

17 


No  ventilation  bat  fireplace. 
Ditto  ditto. 

Ditto  ditto. 

Ditto  ditto. 

Ditto  ditto. 

Ditto  ditto. 


Breathing  in  seyeral  of  the 
low  rooms  was  rendered 
oppressive.  In  every 
case  a  pleasurable  sense 
of  relief  was  experienced 
in  returning  to  the 
outer  air. 


Small  ventilator  in  ceiling. 
Ventilators  in  roof. 
Small  ventilators  in  side  of' 
walL 


Ventilated  through  window. 

Ventilated  through  window. — Nos.  8  and  11  prove  that  an 
open  window  or  door  wonderfully  ameliorates  the  con- 
dition of  the  breathing  air,  even  with  diminished  space. 
Ventilated  through  window. 
No  ventilation. — Considerable  cubic  capacity  is  of  no 

avail  in  the  absence  of  ventilation. 
Ventilated  by  door  being  open. 
Ventilators  dosed. 

'  These  ventilators  are  quite 

inadequate    to     secure 

fresh  air  to  the  scholars, 

and  their  area  is  very 

insignificant    compared 

with  the  total  capacity 

of  the  rooms,  and  out  of 

all  proportion.  A  few  jets 

of  gas  would  appear  to 

dom)le  the  air  pollution. 

Very  small  ventilators  in  )  The  odour  of  organic  matter 

walls.  >     was   unpleasantly  percep- 

Small  ventilators  in  roof. )     tible  in  this  schooL 

Rotatory  ventilators  in  root 

Ditto  ditto. 

No  ventilation.    Oas  had  been  burning  for  three  hours. 
Ditto. 

Ditto.  The  sixty  jets  had  been  lit  for  twenty 

minutes.     Owin^  to  absence  of  ven- 
tilation, the  aenal  pollution  was  in- 
creased nearly  70  per  cent  during 
this  short  time. 
Numerous  ventilators  in  roof. 

Ventilated  at  open  grating.  On  busy  occasions,  e.g. 
Saturday  nights,  when  there  are  seven  or  eight  inmates, 
with  a  capacitv  of  80  or  40  cubic  feet  per  head,  the 
smell  is  perfectly  sickening. 


-_j 
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Carbonic  Acid  in  Public  and  Private  Buildings  in 


Natukb  of  Buildiko. 


25.  Police  station  :  Sergeant's  office 

26.  Prisoners'  cell  at  Town  Hall 


27.  Spring  Assizes :  Crown  Court ;  body  of 

hall 

28.  Spring  Assizes  :  Crown  Court ;  gallery 

29.  Spring  Assizes  :  Nisi  Prius  Court ;  body 

ofhall 

80.  Spring  Assizes  :  Nisi  Prius  Court ;  gal- 
lery      


81.  Newspaper  office  :  Compositors'  room    . 

82.  Ditto  Machine  room 

88.  Ditto  Compositors'  room    . 

34.  Private  house :  One  foot  firom  floor  of 
bedroom 

86.  Private  house  :  One  foot  from  ceiling  of 
same  room 

86.  Private  house :  One  foot  from  floor  of 

bedroom     ...... 

87.  Private  house  :  One  foot  from  ceiling  of 

same  room 

88.  National  school :  Infants'  room     . 

89.  Ditto  Girls'  Room 

40.  Private  school 

41.  Ditto 


42.  Elaatic  web  manufactory :  The  lower  or 
braid  room 

48.  Elastic  web  manufiEictory :  The  upper  or 
weaving  room 


Number 

of 
persons 
present 


J 


44.  Public  library  :  Reading-room 


4 

1 


350 
850 

200 

200 


10 

4 

10 


4 
2 


2 
76 
65 
28 
14 


100 
50 


160 


SiMiee  for 

each 

person  in 

cubic  feet 


120 
500 


100 
100 

160 

160 


400 

1000 

410 


865 

865 
730 


990 
1660 


Temp,  of 
building 

InF. 
degrees. 


67 
55 


60 
64 

60 

62 


65 
65 
70 


58 

59 
58 


780 

60 

115 

67 

125 

65 

107 

62 

100 

64 

700 


64 
66 


60 
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Leicestee,  by  R  Weaver,  C.K,  F.C.S. — Continued. 


Carbonic 

acid 

per  100 

of  air. 


•203 
•081 


•196 
•290 

•184 

•169 


•111 
•123 
•149 


•102 

•160 
•116 


•164 
•164 
•139 
•120 
•121 


•178 
•828 


•206 


Number 
of  gas- 
ligbte 

bamlog. 


6 

4 
18 


I 


160     r 

90 


60 


Ventilated  by  the  window. 
Ditto      at  grating. 


Rotatory  ventilators  in  roof. 
Ditto  ditto. 


Ditto 
Ditto 


ditto, 
ditto. 


■ 


Ventilated  by  staircase. 

Ditto        ditto. 
Small  ventilators  in  walls, 
daring  experiment. 

No  ventilation.    Door  open 
all  night     Four   young 
childi^n  slept  here. 
Do.        oo.        do. 

No  ventilation.  Door  closed 
all  night.  Two  adults 
slept  here. 

Do.        do.        do. 

Ventilated  by  open  window. 


The  condition  of  the  air 
proves  that  the  action 
of  the  rotatory  ventila- 
tors is  from  some  cause 
verv  imperfect.  The 
carbonic  acid  in  No.  28 
is  very  large,  consider- 
ing that  artificial  lights 
were  absent,  and  that 
it  was  entirely  due  to 
animal  combustion.  The 
odour  in  this  gallery  was 
strong  and  oppressive. 


Business  in  full  action 


Samples  obtained  in  early 
mominff.  In  each  room 
a  small  jet  of  gas  was 
burned. 


Ditto 
Ditto 
Ditto 


ditta 
ditto, 
ditto. 


r  Notwithstanding  the  much 
greater  breathing  space 
secured  to  each  occupant 
of  the  upper  room,  the  air 
is  much  more  contamin* 
ated,  because  of  the  fooliah 
arrangement  of  passing  tilt 
foul  air  of  the  bottom 
apartments  into  thoM 
aE>ove,  instead  of 
into  uie  outer  air. 
Ventilators  in  ceiling,  which  are  evidently  inef&oi«iit 


Ventilated  at 
and  ceiling. 

Ventikted  at 
and  ceiling. 


tide  walls 
side  walls 
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Mr.  Weaver  points  out  that  the  condition  of  the 
air  in  the  sitting-room  of  a  private  house,  No.  20, 
illustrates  the  condition  of  a  great  number  of  dwellings, 
occupied  by  mechanics  and  clerks,  entirely  unprovided 
with  ventilation. 

The  higher  percentage  of  carbonic  axjid  in  the 
galleries,  as  shown  by  the  observations  No.  27  to  30, 
testifies  to  the  fact  of  its  ascension  with  the  aerial 
currents,  and  that  there  is  no  tendency  towards  accumu- 
lation in  the  lower  strata  of  air  from  superior  specific 
gravity,  as  has  been  sometimes  argued. 

Cakbonic  Acid  in  London,  Manchester,  New  York, 
Cornwall,  Portsmouth,  and  elsewhere. 

By  Drs.  Smith  and  Bemays,  F.  de  Ghaumont,  and  others. 

Percentage  by 
volume. 
ChanceTy  Court,  closed  doors,  7  feet  from  groimd, 

March  3 '193 

Same,  3  feet  &om  ground '203 

Chancery  Court,  door  wide  open,  4  feet  firom  ground, 

11.40  A.1I.,  March  5 '0507 

Same,  12.40  fjl,  5  feet  from  ground   .         .         .  *045 

Strand  Theatre,  gaUery,  10  pjl   ....  *101 

Surrey  Theatre,  boxes,  March  7,  10.3  P.M.     .         .  'Ill 

„  „  „      March  7,  12  p.m.  .  *218 

Olympic,  11.30  p.M -0817 

„        11.55  P.M. '1014 

Victoria  Theatre,  boxes,  March  24,  10  P.ic   .         .  '126 

Haymarket  Theatre,  dress  circle,  March  18,  11.30  pjl  '0757 

Queen's  Ward,  St  Thomas'  Hospital,  3.25  p.m.      .  '040 

Edwards'    „  „  „         3.30  p.m.      .  '052 

Victoria  Theatre,  boxes,  April  4  .         .         .         .  '076 

Effingham,  10.30  p.m.,  April  9,  Whitechapel         .  '126 

P&vilion,  10.11  P.M.,  April  9,  „  .  -152 

City  of  London  Theatre,  pit,  11.15  pjf.,  April  16  '252 

daid  Theatre,  pit,  11  pjil,  April  16       .         .  '320 
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Percentage  by 
yolome. 

Stable  for  hones :  Ecole  Militaire         .         •         .  *700 

Crowded  girla'  Bchoolroom,  seventy  girls  (Pettenkofer)  *723 

Mean  amount  in  a  dwelling-house,  during  the  day .  *068 

In  a  bedroom  at  night  with  closed  windows  .  *230 

„         „  „         partly  open     .         .         .  '082 

Sleeping  cabin  of  Dublin  Canal  boat  (Cameron)     .  *95 

Unventilated  barracks  in  London  (Boscoe)     .  *124 
Tombs  Prison  (male  department).  New  York  (H. 

Endemann) '147 

Fulton  Market,  New  York  (H.  Endemann)    .  '084 

Manchester  streets,  ordinary  weather     .         .  *0403 

Where  fields  begin *0369 

During  fogs  in  Manchester  ....  *0679 

About  middens *0774 

In  workshops *3000 

In  theatres,  worst  part,  as  much  as        .        .         .  '3200 

In  mines,  laigest  amount  found  in  Cornwall  .         .  2*5000 

In  mines,  average  of  339 *7850 

Dr.  F.  de  Chaumont's  estimations  of  the  amount  of 
carbonic  acid  in  the  air  of  barracks,  hospitals,  and 
prisons  are  interesting : — 

Gosport  New  Barracks '06 

Anglesea  Barracks '14 

Aldershot '049 

Chelsea '07 

Tower  of  London '13 

Fort  Elson  (Casemate) '12 

Fort  Brockhurst  (Casemate) '08 


MUitary  and  Civil  HospitaU, 


Portsmouth  Garrison  Hospital 

„  Civil  Infirmary 

Herbert  Hospital 
Hilsea 


» 


•097 
'092 
•047 
•057 
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Military  and  Civil  Prisoru, 

Per  cent. 
Aldenhot  Military  Prison — Cells  -165 

Gk)8port         ,,  n  79  ...  *13 

Chatham  Convict        n  n  ...  '169 

Pentonville  Prison — Cells  (Jebb's  system)     .  "09 

Dr.  Endemann  obtained  seventeen  samples  of  air 
from  the  public  schools  of  America,  and  foimd  carbonic 
acid  varying  in  amounts  from  '09  to  '35  parts  in  100  ; 
or,  in  other  words,  from  more  than  twice  to  nearly  nine 
times  the  normal  quantity.  He  gives  the  following 
tabular  results,  obtained  from  some  of  the  public  schools 
in  New  York: — 

Schools.  Per  cent 

Ehn  Street "146 

Roosevelt  Street '195 

Thirteenth  Street,  near  Sixth  Avenue     .  .         .  '281 

Thirteenth  Street,  near  Seventh  Avenue  .         .  '213 

Greenwich  Street -176 

Vandewater  Street '147 

Madison  Street,  near  Jackson         ....  '242 

Dr.  Breiting  made  a  series  of  fourteen  experiments 
on  the  quantity  of  carbonic  acid  contained  in  the  air  of 
someschoolrooms, commencing  at  7.45  A.M.,and  continued 
to  4  P.M,,  in  a  room  of  2 5 1*6 1  cubic  metres  capacity, 
and  containing  64  children.  The  amount  of  carbonic 
acid  was  said  to  vary  from  2*21  to  9*36  per  cent  (!). 

Herr  E.  Schulz  found  in  a  clubroom  '37  per  cent, 
and  in  a  schoolroom  an  amount  of  carbonic  acid  vary- 
ing from  '14  to  *35  per  cent. 

Dr.  Snow  has  concluded  from  his  experiments  on 
ftnimftlfl  "  that  5  or  6  per  cent  by  volume  of  carbonic 
acid  cannot  exist  in  the  air  without  danger  to  life,  and 
that  less  than  half  this  amount  will  soon  be  fatal,  when 
it  is  formed  at  the  expense  of  the  oxygen  of  the  air.'' 
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My  own  deteimination  of  the  amount  of  carbonic 
acid  in  air  of  different  d^rees  of  purity  teaches  no  more 
than  do  the  foregoing  ansdyses,  so  that  I  will  not  trouble 
the  reader  at  present  with  any  more  tabular  matter. 

The  purest  air — namely,  that  resting  on  the  sea, 
and  on  the  sides  of  the  highest  moimtains — ^is  thus 
seen  to  possess  rather  more  than  '03  per  cent  of  car- 
bonic acid,  which  is  often  increased  in  the  streets  of 
cities  to  '04,  an  amount  which  may  be  doubled  in 
foggy  weather.  Much  discussion  has  taken  place  at 
various  times  as  to  whether  carbonic  acid  is  a  positive 
poison  or  simply  an  asphyxiating  gas.  It  has  now  been 
pretty  clearly  established  that  this  gas  is  a  distinct  poison 
when  diluted  with  air,  but  that,  in  a  pure  or  unmixed 
state,  as  it  is  sometimes  found  in  a  beer  vat  or  old  well, 
it  extinguishes  life  in  a  mechanical  manner,  by  immedi- 
ately suffocating  any  one  who  may  be  immersed  in  it 

The  presence  or  absence  of  injurious  bodies  in  air, 
such  as  hydrogen  sulphide,  methyl  hydride,  hydrogen, 
organic  matter,  sulphurous  acid,  ammonia,  ammonium 
siQphides,  and  the  amount  of  oxygen  it  contains,  must 
not  be  lost  sight  of  in  judging  of  the  effects  of  carbonic 
acid  on  the  human  frame.  It  has  been  a  subject  of 
wonder  that  people  have  been  but  slightly  incon- 
venienced by  an  exposure  to  the  air  of  places  where 
brewing  is  going  on,  or  soda  water  is  being  manufac- 
tured, where,  indeed,  the  air  contains  perhaps  about 
'20  per  cent  of  carbonic  acid.  In  such  cases  the 
gas  diluted  with  air  is  unmingled  with  unwholesome 
accessories  as  organic  matter,  sulphur  compounds,  etc. 
Such  air  in  a  closed  chamber  will  give  to  any  one  who 
exposes  himself  to  it  a  severe  headache.  We  all,  in- 
deed, avoid  an  atmosphere  containing  '10  per  cent  of 
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carbonic  acid  in  crowded  rooms.  Animals  can  be  kept 
alive  for  a  long  period  in  an  atmosphere  highly  charged 
with  it  if  the  oxygen  be  added.  The  body,  when 
exposed  to  air  containing  a  large  excess  of  carbonic 
acid  ('30  per  cent),  suffers  a  reduction  in  the  heart's 
action  and  an  acceleration  of  respiration.  These  eflFects 
have  been  found  to  be  produced  when  the  influence  of  the 
organic  matter  and  other  foreign  bodies  is  eliminated. 

Estimates  of  the  enormous  quantities  of  this  gas 
that  are  daily  and  hourly  poured  forth  by  our  cities 
would  be  alarming  indeed  were  we  not  consoled  by  the 
knowledge  of  the  rapid  distribution  of  gases  by  diffusion, 
which  tends  to  maintain  a  state  of  equilibrium  in  the 
constitution  of  the  air.  Dr.  Smith  assures  us  that 
15,066  tons  of  carbonic  acid  are  daily  passed  by  the 
city  of  Manchester  into  the  air  that  envelopes  it,*  and 
Dr.  F.  de  Chaumont  states  that  822,000,000  cubic  feet 
of  this  gas  are  generated  in  London  per  day,  or  more 
than  9500  cubic  feet  every  second.  In  consequence 
of  the  possession  of  most  wonderful  self-purifying  pro- 
perties, which  are  partly  due  to  its  powers  of  oxidation 
and  partly  to  the  physical  changes  that  are  unceasingly 
occurring  in  its  condition,  through  the  agency  of  currents, 
storms,  rains,  changes  of  temperature,  etc.,  the  vast  aerial 
sea  maintains  a  uniformity  of  composition  so  marvellous 
as  to  strike  with  awe  the  student  of  the  mighty  forces  of 
nature. 

*  M'Dongal  (Chemical  Newa^  iz.  80),  under  Roscoe's  direction, 
determined  on  two  different  days  the  amount  of  carbonic  acid  in  the 
air  of  Manchester.  As  a  mean  of  46  analyses,  the  air  from  the  centre 
of  Manchester  was  found  to  contain  '089  per  cent  of  carbonic  acid 
(max.  '056,  min.  *028),  whilst  the  air  four  miles  from  the  city  exhibited 
as  a  mean  of  eight  determinations  '04  per  cent.  Hence  Roscoe  con- 
cludes that  in  open  places  the  influence  of  combustion  and  respiration 
processes  is  completely  neutralized  by  the  movements  of  the  air. 
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B.  Carbonic  Oxide,  which  is  a  most  poisonous  gas,  is  ctrbonic 
a  product  of  combustion,  and  is  to  be  found  in  the  air  of 
towns,  where  it  is  so  diluted  as  to  do  but  slight  injury. 

Public  buildings,  churches,  colleges,  schools,  barracks, 
etc.,  are  very  often  heated  by  means  of  coke-burning  iron 
stoves,  some  of  which  are  provided  with  troughs  and  pans 
of  water,  to  counteract  the  aridity  of  the  air  which  they 
are  supposed  to  induce.  During  the  late  "  Coal  famine  " 
the  demand  for  coke  for  domestic  purposes  has  been 
perhaps  greater  than  has  ever  been  before  known  in  this 
country,  particularly  amongst  the  labouring  classes. 

In  the  United  States  anthracite  (called  in  Ireland 
"  Kilkenny  coal "  and  in  Scotland  "  blind  coal"),  which 
bears  a  great  resemblance  to  coke,  and  is  equally 
objectionable  as  ordinarily  consumed,  is  most  exten- 
sively used  Dr.  Derby  asserts*  that  "ninety-nine 
dwelling  houses  out  of  a  hundred  in  Boston  are,  in 
whole  or  in  part,  warmed  by  this  fuel,  burned  in  iron 
stoves,  or  in  the  iron  fire-pot  of  a  furnace,  which  is  but 
a  stove  in  another  form." 

Many  people  of  nervous  and  sanguine  tempera- 
ments, especially  the  plethoric,  most  of  those  indeed 
who  are  sensitive  to  changes  in  atmospheric  states  tuid 
conditions,  are  afiected  injuriously  if  they  remain  for 
some  time  in  a  room  or  office  warmed  by  an  iron  stove 
in  which  coke  is  consumed.  They  experience  a  languor 
and  oppression;  in  fact,  a  sense  of  "malaise,"  and 
sometimes  a  difficulty  of  breathing,  slight  dizziness, 
confusion  of  ideas,  headache  accompanied  by  a  feeling 
as  if  a  tight  band  encircled  the  forehead  and  temples, 
in  one  word,  the  symptoms  of  narcotic  poisoning,  which 
are  speedily  dissipated  on  removal  to  the  fresh  air. 

*  AnthracUe  and  Health, 
P 
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Now,  what  poisonous  gases  are  generated  by  the  com- 
bustion of  coke,  coal,  etc.  ?  Carbonic  oxide,  carbonic  acid, 
the  carburetted  hydrogen  gases,  and  sulphurous  acid. 

The  last  named,  which  is  so  abundant  in  the  air  of 
coal  and  gas  burning  towns  *  (where  it  serves  a  useful 
purpose,  being  a  powerful  disinfectant),  hardly  deserves 
to  be  placed  in  juxtaposition  with  such  deadly  agents 
as  carbonic  oxide  and  carbonic  acid. 

The  light  and  heavy  carburetted  hydrogen  gases 
may  be  excluded  from  our  consideration,  for  they  pass 
off  in  comparatively  minute  quantities  in  an  uncon- 
sumed  state.  As  the  carbonic  acid,  which  is  produced 
by  the  lower  layer  of  burning  matter  forming  the  fire, 
rises  through  the  heated  mass  above,  it  unites  with 
more  carbon  and  becomes  changed  into  carbonic  oxide. 
This  latter  gas  may  sometimes  be  seen  burning  on  the 
surface,  and  yielding  a  pale  blue  flame.  When  it 
burns  in  contact  with  air,  carbonic  acid  is  reproduced. 
The  presence  of  carbonic  oxide  is  a  sign  of  imperfect 
combustion.  The  loss  of  heating  power  when  this  gas 
escapes  from  a  stove  has  been  estimated  at  67  per 
cent.  Carbonic  oxide  is  believed  by  all  to  be  a  most 
virulent  poison,  even  in  the  smallest  quantities. 

As  both  of  these  gases  are  given  off  in  the  com* 
bustion  of  coke,  anthracite,  and  charcoal ;  and  as  dele- 
terious effects  may  be  occasioned  by  either,  and  especially 
by  the  carbonic  oxide,  any  escape  of  them  into  the  air 
we  breathe  is  to  be  carefully  guarded  against.  Claude 
Bernard  and  M.  Guerard  both  assure  us  that  a  mixture 
of  these  gases  is  Trwre  hurtful  than  eitJier  respired  alone. 

*  One  of  the  causes  of  the  difficulty  which  is  experienced  in  colti- 
yating  trees  and  shrubs  in  cities  is  to  be  found  in  the  presence  of  this 
acid,  which  is  highly  destructiye  to  certain  kinds  of  plants. 
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When  coke  or  anthracite,  which  do  not  contain  the 
illuminating  gases,  and  which  bum  without  flame  and 
smoke,  are  used  in  our  fire-grates,  we  can  generally 
perceive  an  odour  of  sulphurous  acid  on  the  addition 
of  fresh  fuel,  by  placing  the  face  close  to  the  mantel- 
shelf. K  this  acid,  which  is  detected  by  its  irritating 
fumes,  escapes  then  into  our  rooms,  it  may  be  fairly 
presumed  that  the  inodorous  gases,  carbonic  oxide  and 
carbonic  acid,  which  are  simultaneously  developed,  are 
associated  with  it 

Some  may  enquire,  '*  Is  it  then  imadvisable  to  bum 
coke  in  open  fire-grates  ?"  I  will  answer  this  question 
by  narrating  an  incident  that  came  under  my  notice  when 
in  practice.  An  extremely  delicate  child,  afflicted  with  a 
pulmonary  affection,  was  ordered,  during  the  prevalence 
of  the  easterly  winds,  to  be  confined  to  a  suite  of  rooms, 
all  maintained  at  one  temperature,  during  both  day  and 
night,  by  coal  fires  in  open  fire-grates.  As  coals  were 
very  expensive,  the  mother  after  a  time  adopted  the 
economical  measure  of  burning  coke.  On  entering  the 
sitting-room,  after  the  introduction  of  the  coke,  to  visit 
the  little  patient,  I  experienced  a  sense  of  general 
oppression,  of  weight  about  the  head,  and  a  difficulty 
in  breathing  air  which  seemed  to  have  lost  all  fresh- 
ness. The  child  was  suffering  from  the  sjrmptoms  of 
narcotic  poisoning.  She  complained  of  great  lassitude 
and  of  "  a  feeling  as  if  a  band  was  tightly  bound  around 
the  forehead."  The  rooms  were  not  again  warmed  by 
this  fuel. 

It  is  to  be  observed  that  those  who  are  unaccustomed 
to  come  into  the  vicinity  of  iron  coke-buming  stoves 
are  more  liable  to  be  unpleasantly  affected  than  those 
who   are  frequently  near  them.     There  is  a  certain 
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tolerance  of  the  poison  of  carbonic  oxide  acquired  in 
time  by  those  who  habitually  breathe  it  in  small 
amounts,  just  as  we  see  in  the  case  of  arsenic,  opimn, 
etc. 

Americans  appear  to  be  fully  alive  to  the  danger 
of  the  poisoning  of  the  air  they  breathe  with  carbon 
monoxide,  and  now  employ  wrought-iron  stoves,  which 
are  but  slightly,  if  at  all,  permeable  to  gases.  They  are 
formed  of  plates  riveted  together  as  tightly  as  those  of 
a  steam  boiler,  so  that  the  stove  is  practically  of  one 
piece.  Stoves  constructed  of  Russian  sheet-iron  (rolled 
iron  covered  with  a  siliceous  glaze)  have  also  been 
employed.  The  Germans  appear  to  be  only  partially 
aware  of  the  injury  attendant  on  the  use  of  porous 
stoves.*^  As  the  majority  of  their  earthenware  stoves 
are  covered  with  a  silicious  glaze,  they  suffer  rather 
from  the  dryness  of  the  air  which  they  occasion  than 
from  the  escape  of  poisonous  gases. 

The  English  seem  perfectly  insensible  at  present 
to  this  danger  to  health,  although  it  has  been  pointed 
out  by  myself  t  and  others  for  years. 

The  reader  may  imagine  that,  as  stoves  are  fur- 
nished with  flues,  every  provision  is  made  for  the 
removal  of  aU  the  products  of  combustion  into  the 
outer  air.  Unfortunately  these  poisonous  oxides  of 
carbon  do  not  all  pass  away  by  this  outlet,  but  enter 
the  rooms  which  the  stove  is  designed  to  warm  in 
three  ways ;  (a)  through  the  iron ;  (h)  at  the  junctions 
of  the  separate  pieces  of  which  a  stove  is  made ;  and 
(c)  in  consequence  of  downward  currents  of  air. 

*  Fide  Holler's  *'Die  Liiftung  and  Erwannung  der  Einderstube 
and  des  Kranken  Zimmers." 

t  Coke  as  a  Fuel^  in  Belabion  to  Hygiene. 
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The  second  and  third  modes  of  exit  are  readily 
comprehensible,  but  the  first  requires  some  explanation. 
MM.  St.  Claire  Deville  and  Troost  have  discovered 
that  iron  and  several  other  metals  permit,  when  heated, 
the  passage  through  them  of  the  gases  of  combustion. 
They  write,  "  The  porosity  results  from  the  dilatation 
induced  by  heat  in  the  intermolecular  spaces."  The 
researches  of  TyndaU  on  the  penetration  of  metals  by 
gases,  and  of  Graham  on  the  absorption  of  carbonic 
oxide  by  iron,  corroborate  these  experiments. 

M.  Dimias  has  distinctly  shown  *  that  a  portion  of 
the  carbonic  dioxide  evolved  during  combustion  is 
changed  by  heated  iron  into  carbonic  monoxide.  It  is  by 
virtue  of  the  absorptive  power  possessed  by  iron  that 
this  metal  is  converted  into  steeL  We  learn  from  Dr. 
Derby's  little  work,  before  alluded  to,  that  so  long  ago 
as  1865  Velpeau  commimicated  to  the  French  Academy 
some  observations  of  Dr.  Garret,  as  to  the  unhappy 
influences  on  the  health  which  attend  the  use  of  cast- 
iron  stoves.  General  Morin  interested  himself  in  the 
matter,  and  asked  MM.  St.  Claire  Deville  and  Troost 
to  analyse  the  air  encircling  a  heated  stove. 

These  chemists  found :  (1)  that  tubes  of  cast  iron 
are  incapable  of  maintaining  a  vacuum ;  f  (2)  that 
carbonic  oxide,  carbonic  acid,  and  hydrogen  gases  pass 
through  iron,  and  to  a  still  greater  degree  through  cast 
iron;  and  (3)  that  carbonic  oxide,  absorbed  in  our 
stoves  by  the  internal  surface  of  the  cast  iron,  diffuses 

*  Comptes  EendiiSf  August  26,  1872. 

t  The  soil  in  which  pipes  containing  illuminating  gas  are  embedded 
has  often  a  powerful  odour  of  it,  and  is  frequently  much  discoloured. 
This  is,  without  doubt,  partly  occasioned  by  loss  thxx)ugh  the  walls  of 
the  pipes ;  to  guard  against  which,  so  far  as  is  practicable,  gas  com- 
panies test  their  pipes  by  submitting  them  to  a  powerful  pressure. 
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advancing  processes,  which  will  end  in  general  tuber- 
cular or  consumptive  disease. 
Sewage  Scwage  emanations  have  been  found  on   analysis 

enunatioiu.  to  be  somewhat  variable  in  composition.  The  exami- 
nations of  different  analysts  agree  in  noting  a  diminu- 
tion of  oxygen  and  increase  of  carbonic  acid,  with 
small  proportions  of  hydrogen  sulphide,  carburetted 
hydrogen,  and  sulphide  of  ammonium.  The  characteristic 
foetid  odour  of  sewer  gas  is  due  to  some  organic  vapour 
of  carbo-ammoniacal  origin,  the  precise  composition  of 
which  has  not  yet  been  determined.  Sewage  and  cess- 
pool effluvia  are  well  known  to  be  injurious  to  the  health 
of  animal  and  vegetable  life,  even  when  mixed  in 
small  quantities  with  the  air.  The  only  forms  of  life 
that  thrive  in  air  thus  polluted  are  certain  of  the 
bacteria  and  fungi,  and  other  of  the  scavenging  families 
of  creation. 
Bzcranentoi  As  to  the  fouliug  of  the  air  we  breathe  with  excre- 
"*^  mental  filth,  generally  dried  and  wafted  about  as  dust, 

and  its  connection  with  the  spread  of  such  diseases  as 
cholera  and  typhoid  and  other  of  those  loathsome  filth 
diseases,  the  subject  is  too  disgusting  to  treat  of.  I 
would  simply  refer  my  readers  to  two  sources  for  in- 
formation, if  they  require  any: — First,  to  disclosures  of 
Dr.  Stevens  as  to  the  state  of  Over  Darwen  when  the 
recent  terrible  outbreak  of  fever  occurred  there,  where 
the  people  were  living  with  thousands  of  tons  of  ex- 
cremental  filth  stored  amongst  their  dwellings,  exposing 
a  surface  of  many  acres,  continually  poisoning  the  air 
they  breathed,  and  which  enveloped  them ;  secondly, 
to  Mr.  Simon's  Eeport  on  Filth  Diseases,  in  which  he 
writes  of  enteric  fever — "  Of  all  the  diseases  which  are 
attributable  to  filthy  this^  as  an  administrative  scandal^ 
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may  be  proclaimed  £is  the  very  type  and  quintessence ; 
that  though  sometimes  by  covert  processes  which  I 
will  hereafter  explain,  yet  far  oftener  in  the  most 
glaring  way,  it  apparently  has  an  invariable  source  in 
that  which  of  filth  is  the  filthiest ;  that  apparently  its 
infection  runs  its  course,  as  with  successive  inocula- 
tions from  man  to  man,  by  instrumentality  of  the 
molecules  of  excrement,  which  man's  filthiness  lets 
mingle  in  his  air  and  food  and  drink." 
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CHAPTEE  XXL 

POISONOUS  GASES  AND  INJURIOUS  VAPOURS, 

Such  as  hydrochloric  acid  gas  from  alkali  works, 
arsenical  vapours  from  copper-smelting  works,  hydro- 
fluoric acid  from  superphosphate  manufactories,  etc., 
injure  animal  and  vegetable  life,  sometimes  destroying 
all  trace  of  the  latter  for  miles  round.  Then  the  air 
is  vitiated  by  bisidphide  of  carbon  from  indiarubber 
works ;  sulphurous  and  sulphuric  acids  from  bleaching 
works ;  hydrogen  sulphide  from  chemical  works  where 
ammonia  is  manufactured.  It  is  poisoned  also  by 
carbonic  acid,  carbonic  oxide,  and  hydrogen  sulphide, 
from  brickfields  and  cement  works ;  by  organic  vapours 
from  glue  refiners,  bone  burners,  slaughter-houses,  etc.; 
by  the  fumes  of  phosphorus  to  which  lucifer  match 
makers  are  exposed ;  *  and  the  fumes  of  oxide  of  zinc, 
producing  "  brassfounder^s  ague."  t 

*  Vide  Report  on  the  Mannfactare  and  Applications  of  Phosphorus, 
by  Dr.  Bristowe,  in  Fifth  Report  of  Med.  Off.  of  Privy  Council,  1862. 

t  An  examination  of  the  long  list  of  the  manufactures  of  this  and 
of  other  countries,  which  are,  without  scarcely  any  cessation,  engaged 
in  defiling  the  air  by  pouring  into  it  a  continuous  stream  of  noxious 
vapours,  gases,  and  other  iigurious  substances,  is  alarming. 
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CHAPTEE  XXII. 

SUSPENDED  ANIMAL,  VEGETABLE,  AND  METALLIC, 
AS  WELL  AS  MINERAL  IMPURITIES, 

Are  the  cause  of  an  immense  amount  of  suffering, 
the  non-poisonous  exciting  lung  disease  by  the  irrita- 
tion occasioned. 

After  the  age  of  thirty-five  the  metal  miners  of 
Cornwall  and  Yorkshire  are  liable  to  a  large  mortality 
from  a  disease  commonly  spoken  of  as  "  miners'  rot." 
The  lungs  of  colliers  become  black  with  coal  dust 

It  may  be  well  to  enumerate  a  few  of  the  trades 
which  suffer  in  this  way  : — * 

Potters  suffer  from  the  dust,  and  have  what  is 
called  "  potter's  asthma ; "  t 

Knife-grinders  are  injured  by  the  fine  particles  of 
steel,  and  suffer  from  what  is  called  "  knife-grinder's 
rot;" 

Millers,  sweeps,  hairdressers,  and  snuff-grinders,  are 
liable  to  asthmatic  affections ; 

Buttonmakers ;  pin-pointers ;  cotton,  wool,  and  silk 

*  Vide  Thackrah's  work  on  the  ^ect  of  Arts,  Trades^  and  Profes- 
swiis  on  UeaXth,  Vide  also  Reports  on  the  Districts  with  excessive 
mortality  from  Lung  Diseases,  in  Third  and  subsequent  Reports  of  the 
Med.  Off.  of  the  Privy  Council,  by  Mr.  Simon  and  Dr.  Greenhow. 

t  It  has  recently  been  publicly  declared  that  not  less  than  60  per 
cent  of  working  potters  die  from  diseases  of  the  lungs. 
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spinners ;  workers  in  flax  factories  ;♦  cotton  weavers ;  t 
stone  masons;  grinding  and  millstone  makers^  and 
glass  makers;  makers  of  sandpaper  and  Portland 
cement. 

Apart  fix)m  the  very ,  obvious  injury  to  health 
induced  by  inhaling  dust  of  various  kinds,  the  circum- 
stances which  attend  the  performance  of  this  injurious 
work  are  in  many  cases  highly  deleterious.  The  hot, 
stufify,  damp,  rebreathed  air  in  which  large  numbers 
of  these  artisans  are  bathed  during  their  hours  of 
labour  is  enough  in  itself  to  predispose  strongly  to  the 
development  of  disease. 

Some  of  the  metallic  dust  to  which  some  workmen 
are  exposed  is  poisonous. 

*  VThat  a  deplorable  state  of  affairs  is  revealed  by  Dr.  Pardon  in 
his  recent  report  on  the  flax  manufacture  of  this  country  ! — Lancet, 
October  27,  1877,  page  630.  He  writes  :— **The  spinners  suffer  less 
from  phthisis  than  other  classes  of  workers,  but  are  much  influenced 
by  the  moisture  and  heat  of  the  rooms,  which  often  cause  fainting, 
accidents  having  occurred  by  the  operatives  falling  when  in  this  state 
on  the  machinery.  The  temperature  in  these  rooms  sometimes  reaches 
82"*  F.,  and  the  garments  of  the  workers  are  so  constantly  wetted  by 
spray  from  the  spindles  that  they  go  out  into  the  open  air  with  satu- 
rated clothes,  and  are,  of  course,  frequent  victims  to  bronchitis.  The 
weavers  suffer  greatly  from  chest  affections  by  inhaling  the  damp  air, 
which  has  an  average  temperature  of  75°  F.  Many  of  them  being 
under  18  years  of  age,  and  being  obliged  to  stoop  constantly  at  the 
looms,  get  contracted  chests,  and  this,  with  other  circumstances,  makes 
the  death-rate  very  high.  The  rooms  in  which  the  dressing  of  the 
flax  is  carried  on  require  to  be  kept  at  a  temperature  varying  from  90° 
F.  to  125°  F.  No  one  under  18  years  old  is  employed  in  these  rooms, 
and,  as  it  is  considered  that  their  lives  are  shortened  several  years,  they 
are  paid  very  high  wages.  *' 

t  Vide  Report  of  Dr.  Buchanan's  Inquiry  at  Todmorden,  in  York- 
shire. 

t  Vide  French  millstone-makers'  phthisis,  by  Dr.  T.  6.  Peacock, 
in  Brit,  Med.  Journal,  October  14,  1876. 
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Manufacturers  of  white  lead  inhale  the  dust  of 
this  metallic  compound.  Plumbers  and  painters  are 
very  often  poisoned  by  this  metal  in  consequence 
generally  of  a  want  of  sufficient  cleanliness. 

Workers  in  mercury,  such  as  sUverers  of  mirrors 
and  water  gflders,  suffer  from  mercurial  poisoning. 
"Workmen  and  women,  who  make  arsenical  wall  papers 
and  artificial  flowers,  suffer  from  inhaling  the  poisonous 
dust  of  some  compound  of  arsenic*  Many  persons 
who  do  not  gain  a  living  by  paper  or  flower  making, 
but  who  are  unwise  enough  to  adorn  the  walls  of  their 
rooms  with  papers  of  gorgeous  hues,  suffer  also,  and 
know  not  what  ails  them. 

Mr.  Kerley  found  that  a  room,  1 6  feet  square  and 
9  feet  high,  will  have  spread  upon  its  walls,  provided 
any  of  these  arsenical  papers  are  himg,  from  52  grains 
to  more  than  8  oimces  of  poisonous  green  colouring 
matter. 

It  is  a  popular  mistake  to  imagine  that  all  green 
papers  are  coloured  by  arsenic,  or  that  papers  which 
are  not  green  never  contain  arsenic,  or  that  arsenical 
wall  papers  and  flowers  are  the  only  risks  to  health  to 
which  the  unfortunate  householder  is  exposed.  Lead 
papers  and  copper  papers  are  not  fanciful  dangers.  It 
seems  that  clothing  and  furnishing  materials  are  also 
not  exempted  from  the  universal  system  of  poisoning 
and  adulteration  that  prevails.  The  above-mentioned 
analyst  estimated  the  presence  of  5^  ounces  of  aceto- 
arsenite  of  copper  or  "  Paris  green  "  in  a  green  tarletan 
dress  of  16  yards.     Every  sample  of  tarletan  examined 

*  Fide  Report  on  the  Manufacture  and  Applications  of  Arsenical 
Green,  by  Dr.  Guy,  in  Fifth  Report  of  Med.  Off.  of  Privy  Council, 
1862. 
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contained  it;  the  higher  priced  qualities  of  this  material 
possessing  more  poison  than  the  cheaper  varieties. 
Some  kinds  of  mnslin  are  also  coloured  with  this 
poisonous  material.  It  has  recently  been  discovered 
that  the  bright  greens  of  certain  furnishing  materials, 
such  as  chintz  curtains  and  linings,  consist  of  the 
poisonous  compounds — arsenate  of  iron  and  chromium. 
Mr.  Foster,  of  the  Middlesex  Hospital,  who  has  drawn 
public  attention  to  this  matter,*  foimd  in  each  square 
yard  of  bedroom  chintz  arsenicum,  in  the  form  of  an 
arsenate,  equal  to  45^  grains  of  white  arsenic,  and 
in  each  square  yard  of  the  chintz  lining  20^  grains 
of  this  deadly  poison.  On  estimating  the  number  of 
square  yards  of  chintz  and  lining  in  the  bedroom  of 
a  gentleman  who  had  sufiTered  for  some  time  from 
nausea  and  nervous  depression,  it  was  proved  that 
there  was  arsenicum  present  in  his  sleeping  apartment 
equal  in  amount  to  26  oimces  of  white  arsenic.  This 
coloured  powder  being  apt  to  be  removed  by  trifling 
causes,  is,  of  course,  disseminated  through  the  air,  and 
well  merits  the  epithet  of  "  devil's  dust." 

These  poisonous  furnishing  materials  have  been 
sold  to  the  public  for  the  last  twenty  years. 

The  latest  surprise  for  the  much-enduring  house- 
keeper is,  that  children  have  been  poisoned  by  white 
arsenic  with  which  "  violet  powder  "  has  been  foimd  to 
be  adulterated  to  the  extent  of  25  per  cent,  and  by 
lead,  from  inhaling  the  dust  that  proceeds  from  inferior 
kinds  of  American  cloth,  with  which  perambulators 
are  lined.  The  poisonous  coating  of  these  American 
cloths  presents,  after  but  a  brief  exposure  to  damp  and 
sunlight,  a  countless  number  of  cracks,  and  gradually 

*  Lancet^  August  11,  1877. 
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separates  from  the  texture  on  which  it  is  spread  in  the 
form  of  a  fine  dust. 

Pollen  and  the  aroma  of  grasses  will  produce  in 
some  people  hay  fever. 

Many  contrivances  have  been  devised  for  the  pro- 
tection of  the  lungs  of  workmen  who  have  to  support 
"dear  life"  by  engaging  in  the  foregoing  and  other 
unhealthy  callings ;  but  there  is  in  this  field  a  great 
opportunity  for  those  with  talents  for  invention  to 
exercise  them  in  behalf  of  these  sufiering  thousands. 

In  addition,  the  ventilation  of  workshops  should 
be  more  attended  to,  for  at  present  the  admission  of 
fresh,  and  the  expulsion  of  foul,  air  is  about  the  last 
thing  thought  of.  Happily  something  has  been  done 
in  this  direction  not  only  amongst  the  Sheffield  knife- 
grinders,*  but  in  the  mines  of  Durham  and  Northum- 
berland, and  the  greatly  diminished  death-rate  of  these 
poor  mechanics  and  coUiers  from  pulmonary  disease 
proves  the  advantage  of  free  ventilation. 

Sufficient  evidence  has  been  adduced  to  show  the 
magnitude  and  enormous  importance  of  the  subject 
Medical  literature  •  and   the  columns  of  the  medical 

*  What  distressing  truths  have  been  for  years  presented  to  the 
public  by  the  hite  Dr.  Hall,  of  Sheffield,  respecting  the  average  dura- 
tion of  life  amongst  the  steel-grinding  trades  of  that  city.  What  fear- 
ful waste  of  life  is  disclosed  in  Dr.  Wynter's  summary  of  Dr.  Hall's 
observations  1 — "  Dry  grinders  of  forks,  29  years  ;  razors,  81  years  ; 
scissors,  Shears  ;  edge  tool  and  wool  shears,  82  years ;  spring  knives, 
85  years;  files,  35  years;  saws,  88  years;  sickles,  88  years."  Some 
improvement  has  undoubtedly  been  effected  of  late  years,  as  the  report 
of  the  Medical  Officer  of  Health,  contained  in  Dr.  Hall's  last  communi- 
cation to  the  profession  shows  ('*  Remarks  on  the  Effects  of  the  Trades 
of  Sheffield,'*  BrU.  Med.  Journal,  October  14,  1876),  through  the  in- 
troduction  of  fans,  but  much  still  remains  to  be  done. 

In  1874,    92  grinders  died  ;  average  age  at  death,  46  years. 

In  1875,  111        „        „  „  „     42-5    „ 
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press  have  for  years  been  teeming  with  instances  of 
the  wholesale  destruction  of  health  and  life  by  these 
terribly  dangerous  occupations.  In  brief,  the  injury 
and  fatality  induced  by  impure  air  charged  with 
poisonous  and  non-poisonous  dusts  is  simply  an 
ignorant  waste  of  human  life. 

The  air  that  we  breathe,  we  who  are  not  engaged 
in  these  unwholesome  avocations,  is  full  of  dust — a 
heterogenous  mixture  of  particles  of  organic  and  in- 
organic origin. 

From  the  amount  of  spores  (250,000)  in  a  single 
drop  of  fluid,  Mr.  Dancer  calculated  *  "  that  3  7^  millions 
of  these  bodies,  exclusive  of  other  substances,  were 
collected  from  2495  litres  =  88  cubic  feet  of  the 
'air  of  Manchester,'  a  quantity  which  would  be  re- 
spired in  about  ten  hours  by  a  man  of  ordinary  size 
when  actively  employed."  It  may  well  be  said, 
"  Surely  this  dust  that  we  all  of  us  breathe  must  be 
hurtfuL  Is  there  no  provision  in  nature  for  counter- 
acting its  baneful  influence  ? "  There  is  no  doubt  but 
that  the  less  of  it  we  have  the  better  for  us.  We  are 
taught  in  every  possible  way,  if  we  will  but  be  guided 
by  the  teachings  of  nature,  to  be  clean.  If  people  will 
but  admit  an  abimdance  of  Nature's  great  disinfectant, 
pure  &esh  air,  into  their  houses,  and  at  the  same  time 
keep  themselves  and  their  houses  clean,  they  will  not 
be  injuriously  influenced  by  the  dust  of  the  air. 

*  Microscopic  Examinatioii  of  the  Solid  Particles  of  the  Air  of 
Manchester.  Proc,  LiL  cmd  Phil.  Soc.  of  Manchester f  voL  iv.,  series 
8,  1867-68. 
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CHAPTER  XXIII. 

EMANATIONS   FROM   GROUND    HAVING   DAMP    AND    FILTHY 
SUBSOIL SUBSOIL  AIR,  CHURCHYARD  AIR,  MARSH  AIR. 

The  air  of  towns,  and  also  that  of  houses,  is  often 
deteriorated  by  emanations  from  wet  and  filthy  sub- 
soiL  It  has  been  distinctly  proved  both  in  this  country 
and  in  America  that  the  death-rate  of  consumption  is 
diminished  very  considerably  by  drying  the  subsoil 

Bheumatism  and  heart-disease,  which  is  so  frequent 
a  concomitant  of  rheumatic  affections,  is  lessened  by 
the  same  beneficial  measure.  Emanations  from  filthy 
soil  produce  diarrhoea  in  that  part  of  the  year,  namely 
autumn,  when  there  is  a  predisposition  to  intestinal 
disorders.  It  is  very  unwise  to  ^ow  the  soil  close  to 
houses  to  be  defiled  by  filth,  for  the  fires  of  a  house, 
creating  a  force  of  suction,  draw  into  the  house  the 
air  contained  in  the  surrounding  soil,  as  well  as  of  that 
on  which  it  is  built.  The  popular  impression  that 
the  atmosphere  ends  where  the  ground  begins  is  a  very 
widely  spread  delusion.  Most  soils  are  more  or  less 
porous.  A  house  built  on  a  gravelly  soil  stands  on  a 
foundation  composed  of  a  mixture  of  two  parts  of 
small  stones,  and  one  part  of  air.  The  air  may 
give  place  to  any  gas  or  to  water.  The  porosity  of 
soils  may  be  well  illustrated  by  the  following  experi- 
ment devised  by  Pettenkofer.* 

*  Cholera :  How  to  Prevent  and  Eesist  U^  by  Dr.  Max  von  Petten- 
kofer.    Tranalated  by  Dr.  Hime. 

Q 
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"If  a  person  blows,  as  represented  in  the  figure, 
on  the  surface  of  the  gravel,  the  water  in  the  U-shaped 
tube  will  be  seen  to  alter  its  position,  the  level  of  the 


iri 


Pig.  9. 

A,  a  tall  and  large  glau  tube  filled  with  flue  gravel,  in  the  axis  of  which  stands  a 
very  small  tube,  B,  open  at  both  extremities,  the  upper  being  curved,  aud 
connected  by  a  piece  of  indiambber  tubing,  C,  to  a  U-shaped  tube,  D,  contain- 
ing water.    E,  fine  gravel 

side  next  the  person  who  is  blowing  becoming  lowered, 
and  the  other  proportionately  elevated.  The  depres- 
sion of  the  fluid  is  caused  by  the  force  of  the  air  blown 
through  the  gravel,  because  it  ascends  from  the  bottom 
of  the  gravel  through  the  small  glass  tube,  passes 
through  the  indiambber  tube,  and  thus  reaches  the 
water." 

Bemembering  the  force  with  which  the  wind  often 
strikes  the  surface  of  the  ground,  exciting  a  pressure 
during  a  hurricane,  amounting,  according  to  some,  to 
36  and  to  others  of  50  pounds  on  every  square  foot. 
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it  cannot  be  a  matter  of  Burprise,  in  the  light  of  the 
above  experiment  performed  by  a  simple  blowing  from 
the  mouth,  that  foul  and  pestiferous  air  from  the  filthy 
earth  beneath,  and  dose  to  our  habitations,  should  be 
introduced  into  them,  aided,  as  this  driving  force  is,  by 
the  suction  power  created  by  the  fires  and  lamps,  etc. 
I  have  encountered  instances  in  which  foul  air  ftom 
drains,  cesspools,  and  from  leaky  gaspipes,  has  been 
drawn  into  houses  great  distances,  and  has  caused 
ill-health  and  death  from  the  continued  poisonous  con- 
dition of  the  air.  Pettenkofer,  of  Munich,  relates  a 
case  *  where  gas  was  found  to  have  travelled  a  space 
of  20  feet  from  the  street  main  into  the  housa 

Dr.  F.  de  Chaumont  refers  f  to  a  case  that  occurred 
to  Dr.  Fyffe,  in  which  the  foul  air  from  a  cesspool  was 
sucked  into  a  house  a  distance  of  27  feet  It  is  im- 
possible for  any  public  health  physician  to  speak  in 
temperate  language  of  the  crime  of  erecting  houses^ 
and  of  allowing  houses  to  be  constructed,  on  filthy  and 
sodden  foundations.  No  one  can  possibly  enjoy  for 
any  length  of  time  good  health  in  such  buildings,  and 
the  diseases  from  which  the  inhabitants  suffer  are 
generally  influenced  so  unfavourably  by  the  insanitary 
conditions  in  which  they  exist,  as  to  have  a  tendency 
to  death  rather  than  to  recovery.  I  once  visited  a 
little  town  on  the  coast,  swept  by  the  purest  of  breezes 
— the  sea  breeze — where  scarlet  fever  was  prevalent 
In  one  part  of  the  town,  where  the  cottages  were  kept  in 
a  cleanly  and  wholesome  state,  and  were  built  on 
virgin  soil,  the  disease  showed  itself  in  the  mild  form 
of  scarlatina,  and  not  a  death  occurred.  In  another 
part  of  tlie  town  nearly  every  family  lost  one  or  more 

*  Op,  cU,  t  Lectures  on  State  Medicine, 
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chOdreo,  killed  olmoat  iDimediatel7  by  the  poison.  I 
went  into  one  of  Che  cottages  where  all  the  children, 
five  in  number,  were  destroyed,  and  talked  to  the  poor 
afflicted  parents.  The  father,  pointing  to  a  loose  plank 
of  the  fioor,  moved  a  portion  of  it  aaida  I  poahed 
my  walking  stick  down,  and  stirred  up  the  soil  over 
which  this  family  had  been  living.  It  was  fluid  GIQl 
The  cott^es  in  which  these  fatal  cases  occurred  had 
been  erected  on  ground  made  up  of  stinking  fish, 
brickbats,  earth,  and  every  kind  of  decomposing  debris. 
Suhsoil  Air. — The  chemical  composition  of  the  air 
contaiued  in  soils  has  been  investigated  by  many 
chemists,  such  as  Boussingault  and  Lewy,  Petten- 
kofer.  Fleck  of  Dresden,  Kichols  of  Massachusetts, 
and  others.  A  lai^  excess  of  carbonic  acid,  an  excess 
of  oxygen,  a  little  carburetted  hydrogen,  a  trace  of 
ammonia  and  hydrogen  sulphide  (when  the  ground 
water  possesses  sulphates),  have  been  discovered.  They 
all  seem  to  be  unanimous  as  to  the  much  greater 


quantity  of  carbonic  acid  in  ground  air  than  in  atmo- 
spheric air,  and  as  to  its  great  variability  in  amount. 
"the  former  fact  is  well  demonstrated  by  an  experiment 
and  illustration,  contained  in  Mr.  W.  N.  Hartley's  Air 
and  itt  Sdation  to  Lift. 
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A  flask  full  of  clear  baiyta  water  is  connected  by 
tnbes  to  a  vessel  filled  with  earth,  and  again  attached 
to  this  is  another  flask  of  baryta  solution.  By  draw- 
ing air  through  the  whole  system  of  bottles  the  amount 
of  insoluble  carbonate  of  baryta,  formed  in  the  first 
flask  by  the  carbonic  acid  in  the  air,  may  be  compared 
with  that  in  the  second  flask,  produced  by  the  carbonic 
acid  in  the  soiL 

Pettenkofer  discovered  that  the  amount  of  carbonic 
acid  in  ground  air  varies  in  difierent  seasons  of  the 
year,  that  it  reaches  its  minimum  from  January  to  May, 
and  then  rises  steadily  to  its  maximum  from  July  to 
November.  The  occurrence  of  the  maximum  in  autumn, 
is  probably  the  result  of  high  temperature  and  excess 
of  decomposing  organic  matter.  The  exact  period  of 
the  minimum  has  not  been  so  clearly  determined. 
The  analyses  of  the  air  of  soils  of  various  kinds  that 
rest  on  different  formations,  the  degree  of  porosity 
of  soils,  and  the  connection,  if  any,  of  the  same 
with  such  diseases  as  diarrhoea  and  certain  forms  of 
continued  fever,  is  an  extremely  interesting  field  for 
research  which  has  been  but  barely  opened  out  That 
there  is  a  very  decided  relation  between  the  state 
of  the  ground  air  and  the  continued  prevalence  in  a 
given  locality  of  diarrhoea  at  certain  seasons  is  a  matter 
of  strong  probability. 

It  has  been  suggested  that  the  amount  of  car- 
bonic acid  in  ground  air  be  taken  as  indicative  of 
the  degree  of  impurity.  As  the  animal  poisons  seem  to 
attach  themselves  always  to  minute  particles  of  animal 
and  vegetable  organic  matter  in  a  state  of  decomposition, 
a  study  of  the  comparative  amount  of  organic  matter 
in  the  groxmd  air  of  soils  cannot  well  be  omitted. 
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ITie  Air  of  Churchyards  and  Vaults  is  richer  in 
carbonic  acid  than  ground  air,  and  contains  often  a 
putrid  organic  vapour,  hydrogen  sulphide,  carbonate  of 
ammonia  and  sulphide  of  ammonium,  and  elementary 
forms  of  animal  and  vegetable  life. 

The  Air  of  Marshes  contains  also  a  large  excess  of 
carbonic  acid  and  organic  matter.  Great  quantities  of 
living  organisms  and  organic  debris,  carried  upward  for 
a  certain  distance  by  the  ascensional  force  afforded  by 
the  evaporation  of  water,  are  discernible  on  microscopic 
examination.  Carburetted  and  phosphuretted  hydro- 
gen gases  are  evolved  by  marsh  land,  and  sometimes 
hydrogen  and  ammonia.  The  time  to  be  selected  for 
making  observations  on  the  composition  of  marsh  air 
is  in  the  early  morning  or  evening,  when  the  density 
of  the  air  and  the  deposition  of  dew  prevents  a  free 
admixture  of  the  impure  with  the  higher  strata  of 
pure  air,  or  during  a  hot,  sultry  noon  when  no  breeze 
keeps  the  air  in  motion.  I  have  made  analyses  of  the 
air  of  marshes  that  are  hotbeds  of  ague,  taken  on  a 
fine  day,  whilst  a  gentle  wind  blew  over  them,  and 
have  foimd  no  more  organic  matter  in  such  air  than  in 
pure  air  collected  simultaneously  on  high  hills.  This 
fact  is  only  another  proof  of  the  marvellous  purifying 
properties  of  air,  and  the  tendency  throughout  nature, 
not  only  in  the  air,  but  in  the  earth  and  in  water,  to 
self-purification,  and  to  the  restoration  of  an  equili- 
brium. 
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CHAPTER  XXIV. 

THE  DELETERIOUS  EFFECTS  ON  HEALTH  OF  THE 

AIR  OF  OUR  HOUSES. 

To  dilate  on  such  a  subject  would  be  indeed  need-'"****'®' 
less  to  students  of  preventive  medicine,  if  a  general  ^ 
recognition  existed  of  the  fundamental  principles  on 
which  the  relations  between  a  state  of  health  and 
disease,  and  between  a  condition  of  health  and  the 
circumstances  which  tend  to  promote  and  deteriorate 
it,  rest.  The  old  notion  that  disease  is  a  sort  of 
malignant  demon  that  takes  possession  of  the  body, 
and  requires  to  be  combated  and  expelled  by  some 
violent  means,  is  still  a  very  wide-spread  one,  even 
amongst  some  of  the  rural  rank  and  file  of  the  medical 
profession,  and  any  modern  ideas  as  to  the  relations  of 
health  to  the  couditions  of  those  surroundings  of  life, 
namely,  the  air  we  breathe,  the  water  we  drink,  and 
the  food  we  eat,  which  so  seriously  influence  it  for 
good  or  evil,  are  often  received  with  a  smile  of  in- 
credulity. The  public  surely  ought  not  to  require  a 
skilful  physician  to  teach  them  what  common-sense 
inculcates,  that  perfect  bodily  and  mental  health  can- 
not be  enjoyed  by  those  who  are  inattentive  to  the 
cleanliness  of  the  body,  and  of  that  which  enters  it 
There  is,  imhappily,  an  increasingly  exaggerated  im- 
portance attached  at  the  present  time,  by  great  numbers 
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ing-rooms,  in  which  are  stowed  away  old  shoes  and 
well-packed  drawers  of  well-worn  clothing.  There  are 
dining-rooms,  in  which  the  odour  of  the  latest  meal  is 
never  absent,  and  from  the  cupboards  of  which  the 
smell  of  decomposing  fruit  or  cheese  is  always  emanat- 
ing. There  are  drawing-rooms,  in  which  the  scent  of 
decayed  roses,  or  of  the  varnish  from  the  furniture,  or 
of  the  dye  from  the  table-covers,  is  always  present 
There  are  kitchens  in  which  there  is  the  odorous  indi- 
cation of  perpetual  cooking.  There  are  sculleries 
where  the  process  of  'washing  up'  seems  to  be  in 
permanent  action,  and  where  the  products  of  change 
from  stored  bones,  potato  parings,  recent  vegetable 
green  food,  and  other  similar  refuse,  are  abiding. 
There  are  water-closets  in  which  there  is  at  every 
time  of  day  or  night  a  persistent,  faint  ammoniacal 
organic  odour. 

"The  process  of  devitalisation  of  the  air  is  again 
effected,  locedly,  in  human  habitations,  by  the  presence 
in  it  of  the  lower  forms  of  life.  When  in  the  dwell- 
ing-house dogs,  cats,  tame  mice,  birds,  squirrels,  are 
kept  in  such  numbers  that  the  odours  of  the  animals 
are  perceptible ;  when  flies  cover  the  ceiUngs,  and  a 
mould  collects  on  the  walls,  then  the  air  teems  with 
myriads  of  minute  living  forms,  and  with  organic 
dust  Every  particle  of  this  matter  induces  deteriora- 
tion of  the  air  that  feeds  the  lungs." 

Although  many  may  smile  on  reading  the  forgoing 
extract,  every  one  with  any  experience  of  life  mi 
admit   the    truthfulness  and    fidelity  of  the 
The  principles  that  should  be  firmly  implanted  in 
minds  are  involved  in  the  consideration  of 
rules  as  the  following : — 
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pi«    1.  An  exposure  of  the  body  continually  to  a  smell,  be 

biic  it  a  pleasant  or  an  unpleasant  one,  is  deleterious 

houid  to  health. 

2.  An  odour  that  is  at  first  pleasant,  generally  soon 

becomes  objectionable.  The  little  is  grateful, 
but  a  constant  excess  of  the  perfume  is  hurtfuL 

3.  An  unpleasant  odour  may  or  may  not  be  in  the 

companionship  of  a  disease  ferment,  and  no  one 
knows  when  it  is  or  when  it  is  not  so  accom- 
panied. The  putrid  gases  of  decomposition  will 
not  in  themselves  give  rise  to  the  development 
of  either  of  the  z3rmotic  diseases. 

4.  When  an  unpleasant  odour  is  not  associated  with  a 

poison  of  a  disease,  it  is  nevertheless  deleterious 
to  the  health  of  those  constantly  subjected  to  its 
influeuce.  I  know  that  this  statement  will  be 
doubted  by  some.  Several  instances  of  its  truth 
have  occurred  to  me.  For  example,  a  man  in 
good  health  took  a  house  close  to  one  of  those 
public  trade  nuisances  where  the  smell  of  melted 
tallow  taints  the  air,  and  suffered  in  consequence 
severely  from  nausea  and  diarrhoea.  Here  no 
septic  ferment  could  have  existed,  such,  for 
example,  as  is  supposed,  with  good  reason,  to  be 
mingled  with  the  odours  of  the  dissecting-roonL    ' 

5.  The  healthy  human  body  often  becomes   inured, 

after  long  exposure,  to  unpleasant  odours,  and  at 
length  hardly  notices  them,  if  always  immersed 
in  them.  Those  actively  injurious  effects  of  im- 
pure air,  such  as  nausea,  diarrhoea,*  etc.,  often 
gradually  pass  away.  If  a  man  is  possessed  of 
exceptional  powers  of  vigour,  which  enable  him 
to  maintain  a  successful  warfare  with  those  de- 
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pressing  influences  that  surround  him,  he  may 
live  for  a  great  many  years  in  tolerable  health, 
although  defying  the  laws  of  nature.  The  large 
majority  become  afifected  in  course  of  time,  if  not 
suddenly  attacked  by  a  passing  epidemic  (to  which 
a  person  living  imder  unhealthy  conditions  is 
especially  prone),  by  the  insidious  progress  of  a 
chronic  disease. 
6.  Air,  which  is  not  defiled  by  the  offensive  produc- 
tions of  decomposition,  may  contain  organic  matter 
in  the  form  of  dust  or  vaporous  emanations,  as 
carriers  of  the  specific  poisons. 

A  cursory  examination  of  these  dicta  may  lead  some 
one  who  is  indisposed  to  remove  a  nuisance  from  his  pre- 
mises to  urge  that  the  whole  question  as  to  whether  an 
odour  is  or  is  not  injurious  to  health,  rests  on  the  point 
as  to  whether  it  does  or  does  not  annoy  the  person  con- 
tinually exposed  to  it.  Anything  which  persistently 
worries,  disturbs,  and  irritates,  is  undoubtedly  dele- 
terious to  health,  although  the  injury  may  be  so  in- 
finitesimal that  it  cannot  perhaps  be  measured  or 
demonstrated.  It  will  probably  scarcely  incommode 
the  resilient  disposition  of  the  young  and  healthy 
animal  that  is  naturally  cheerful,  and  disposed  to  look 
on  everything  with  a  couleur  de  rase  hue.  The  human 
body  by  acclimatization  can  adapt  itself  to  wondrously 
different  circumstances,  although  a  certain  injury  is 
received  by  so  doing,  but  it  never  reaches  the  period 
of  old  age  if  continually  bathed  in  impure  air,  although 
that  air  may  have  long  ago  ceased  to  offend  the 
olfactory  nerves.  The  comparative  freedom  of  the 
sewer  men  of  Paris  from  cholera  and  other  zymotic 
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or  if  so,  is  seldom  efficiently  managed.  In  respiration  wnounts  of 
we  deteriorate  an  enormous  quantity  of  air  (about  aagenu. 
gallon  a  minute),  and  we  are  continually  throwing  off 
carbonic  acid  and  organic  matter.  Every  time  we 
breathe,  and  we  breathe  about  eighteen  times  per 
minute,  we  expel  30  cubic  inches  of  air,  which 
amoimt  contains  1*29  cubic  inch  of  carbonic  acid, 
or  16*1  cubic  feet  in  the  24  hours.  In  the  16  cubic 
feet  of  carbonic  acid,  there  are  about  7|  ounces  by 
weight  of  charcoal  Others  say  that  the  amount  of 
charcoal  is  160  grains  per  hour  =  8  ounces  in  24 
hours.  Air  which  has  been  once  breathed  should 
never  be  breathed  again  until  it  has  been  mingled 
with  fresh  air,  in  order  that  the  impurity  which  it  has 
acquired  may  be  removed  from  it,  and  that  it  may 
regain  a  wholesome  amount  of  moisture. 

Architects    design   houses,  local  boards   pass   the 
plans,  builders  erect  places  which  are  totally  devoid 
of  all  provision  for  the  admission  of  fresh  air,  and  may 
be  likened  to  Holes  of  Calcutta  on  the  small  scale. 
As  for  arranging  for  a  change  of  air  by  the  passage 
through  a  room  of  warmed  fresh  air  in  winter,  and 
cooled  fresh  air  in  summer  of  a  healthful  degree  of 
humidity,  such  a  proceeding  is  never  dreamt  of.     The 
drowsiness  which  often  oppresses  our  congregations  may 
frequently  be  more  correctly  ascribed  to  the  absence  of  Ab^nce  of 
any  attempt  at  ventilation  than  to  the  cause  to  which  it  is  "  TOtikte 
generally  attributed.    Who  is  there  not  acquainted  with  ^«iw»n«« 
the  unwholesome  atmosphere  to  be  met  with  in  nearly  the  crudest 
every    public    building  ?    whilst    our    drawing-rooms,  "***^"- 
dining-rooms,  and  bedrooms,  even  in  the  best  houses, 
are  too  often  in  a  most  disagreeable  state  of  what  is 
termed  "  closeness."     On  once  remonstrating  with  the 
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verger  of  a  church  in  a  suburb  of  London  with  respect 
to  the  oppressive  state  of  the  air  during  the  Sunday 
afternoon,  and  on  suggesting  to  him  the  propriety  of 
opening  freely  the  windows  during  the  interval  between 
the  first  and  second  services,  he  expressed  his  dis- 
approval of  my  proposition  by  informing  me  that  if  he 
"  followed  my  advice  the  church  would  catch  a  chilL" 

I  have  always  maintained,  and  increased  experience 
has  only  confinned  my  previous  conviction,  that  the 
impure  condition  of  the  air  of  our  houses,  be  they  fac- 
tories, public  buildings,  or  dwelling-houses,  has  much 
to  do  with  the  great  prevalence  of  such  diseases  as 
phthisis  pulmonalis,  bronchitis,  and  pneumonia,  which 
together  make  up  nearly  one  quarter  of  the  total  mor- 
tality ;  and  if  we  could  strike  a  telling  blow  at  that 
great  universal  evil — ^namely,  poisoning  by  impure  air 
—we  should  do  much  to  save  life.  Unventilated  and 
overcrowded  workshops  and  schools  are,  moreover,  the 
nurseries  of  strumous  diseases  in  general,  which  sap 
the  strength  of  the  community. 

During  the  decennial  period  1865  to  1874,  not 
less  than  half  a  million  individuals  died  of  phthisis, 
and  three-quarters  of  a  million  of  people  were  destroyed 
by  other  diseases  of  the  Itmgs  in  England.  The  depend- 
ence of  these  diseases  on  vitiated  air  was  maintained  by 
Dr.  Alison*  as  long  ago  as  1824,  by  Baudelocque  in 
1834,t  and  very  likely  long  before  those  years. 

That  air  vitiated  by  respiration  is  the  one  great 
cause  of  pulmonary  consumption,  which  may  be  trans- 
mitted from  parents  to  children  for  generations,  needs 
no  proof,  as  it  rests  on  such  a  mass  of  evidence. 

*  Edinburgh  Med.'Chirurgieal  TransaetionSf  yol.  i. 
t  £tude$  iur  la  nuUadie  serophuleuae. 


THE  AIR  OF  OUB  HOUSES.  241 

The  facts  that  an  increase  of  this  disease  occurs 
pari  passu  with  an  increase  in  the  density  of  a  popu- 
lation ;  that  in  manufacturing  centres,  where  the  males 
are  the  chief  workers  at  indoor  employment,  the  male 
death-rate  is  the  highest ;  and  in  others,  where  females 
are  principally  required  at  indoor  work,  they  suffer 
most;  that  in  agricultural  districts,  where  the  men 
spend  nearly  all  their  lives  in  the  open  air,  and  the 
women  scarcely  ever  leave  their  cottages,  the  female 
death-rate  from  this  disease  is  higher  than  the  male : — 
are  all  corroborative  of  this  inevitable  conclusion. 

Dr.  Parkes  mentions  a  remarkable  circumstance 
illustrative  of  this  connection  as  having  occurred  in 
Vienna.  In  the  badly-ventilated  prison  of  Leopold- 
stadt,  51 '4  per  1000,  whilst  in  the  well-ventilated 
House  of  Correction  of  this  city,  7*9  per  1000  died  of 
consumption. 

Dr.  Guy's  evidence  before  the  Health  of  Towns 
Commission  contained  most  striking  statements  as  to 
the  journeymen  printers  of  London.  He  divided 
them  into  three  classes : — 

The  1st  Class  consisted  of  men  who  worked  in  rooms 
where  they  had  less  than  500  cubic  feet  of  air  per 
head.  Of  these  12|  per  cent  had  spat  blood,  and  a 
like  proportion  had  been  subject  to  catarrh  ; 

The  2d  Class  comprised  men  who  had  between  500 
and  600  cubic  feet  of  breathing  space  per  individual, 
and  amongst  them  intermediate  effects  were  noticed ; 

The  3d  Class  was  composed  of  men  who  worked  in 
shops  where  they  had  more  than  600  cubic  feet  per 
individual,  and  amongst  these  only  4  per  cent  had 
suffered  from  spitting  blood,  and  only  2  per  cent  from 
catarrh. 

R 
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The  published  opinions  of  Dr.  Farr,  Dr.  Marcet,  Mr. 
Welch,*  Dr.  Ransome,  t  Dr.  Parkes,  Dr.  Austin  Flint, 
and  Sir  James  Clark,  are  all  to  the  same  effect. 

The  continued  employment  of  rebreathed  air  for 
respiratory  purposes,  and  its  bearing  on  the  develop- 
ment of  that  terribly  fatal  strumous  disease,  pulmonary 
consumption,  has  been  vigorously  brought  before  the 
world  by  Dr.  MacCormack,  of  Belfast,  |  who,  to  show 
his  enmity  to  used-up  air,  is  said  to  sleep  always, 
during  winter  and  summer,  as  do  also  his  family,  with 
the  windows  of  their  bedrooms  widely  opened. 

The  testimony  of  the  most  able  physicians  of  this 
and  other  countries ;  the  results  of  enquiries  as  to  the 
prevalence  of  this  disease  amongst  the  picked  men  of 
the  armies  and  navies  of  the  world;  the  reports  of 
hospitals  for  consumption,  and  of  commissions  and 
committees  appointed  to  make  special  investigations  as 
to  jails,  workhouses,  and  schools :  all,  in  various  degrees, 
point  to  this  one  conclusion.  There  are  one  or  two 
apparent  exceptions  to  this  rule  in  Iceland  and  the 
Hebrides,  which  are  worthy  of  attentive  consideration.  § 
We  have  evidently  something  to  learn  as  to  the  effect  of 
sea  air,  the  air  of  high  latitudes  and  elevated  regions, 
on  this  disease. 


•  tt 


On  the  Nature  and  Variations  of  Destructive  Lung  Disease,  as 
seen  amongst  Soldiers,  and  the  hygienic  conditions  under  which  they 


occur." 


t  **  Foul  Air  and  Lung  Disease." 

t  "Consumption,  as  engendered  by  rebreathed  air." 

§  Fide  Dr.  Morgan,  on  the  "  Non  prevalence  of  Phthisis  in  the  Heb- 
rides and  along  the  N.W.  Coast  of  Scotland." — Brit,  and  Foreign 
MedicO'Chirurgical  JtevieWf  1860,  vol.  zxvi.  page  483. 

Controversy  in  Medical  Periodicals,  during  1868  and  1869,  between 
Dr.  MacCormack,  Dr.  Leared,  Dr.  Hjaltelin,  and  others,  as  to  whether 
Phthisis  is  or  is  not  indigenous  in  Iceland. 
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Some  animals  that  are  kept  for  a  long  time  in  con- 
finement are  affected  in  a  manner  similar  to  man.  The 
monkeys  of  our  Zoological  Gardens  are  well  known  to 
die  in  great  numbers  from  this  disease.  Dairy  cows 
that  are  kept  immured  in  close,  ill-ventilated  sheds  in 
cities  and  towns  also  suffer  from  it* 

» 

As  r^ards  the  connection  between  the  other 
strumous  diseases  and  overcrowding,  abundant  proof  is 
to  be  found  if  looked  for.  Scrofula  once  prevailed  to 
such  an  extent  in  the  Asylum  of  the  House  of  Industry, 
Dublin  (so  Carmichael  affirms),  that  it  was  regarded  as 
a  contagious  complaint.  The  air  was  so  impure  in 
consequence  of  the  excessive  overcrowding  as  to  be 
unendurable  when  the  wards  were  first  opened  in  the 
morning,  and  to  be  "  but  little  better ''  during  the  day- 
time. 

The  communicable  eye  disease,  so  common  in 
asylums  and  schools  for  children,  is  another  of  the 
legacies  of  our  overcrowding.  The  injurious  effects  of 
rebreathed  air,  and  the  want  of  any  provision  for  ven- 
tilation, is  not  only  seen  in  the  public  schools  for  the 
poor,  but  in  private  schools  for  middle  classes.  I 
recently  visited  a  "  College  for  Young  Ladies,"  which 
contained  rooms  12  ft  x  9  ft  x  8  ft  high,  where 
slept  six  girls,  between  the  ages  of  10  and  17,  in  two 
beds.  Kot  a  fireplace  or  other  means  of  ventilation 
existed.  This  school,  which  was  a  popular  one,  had, 
like  a  concertina,  a  wonderful  power  of  expansion — 
those  who  could  not  be  accommodated  with  beds  being 
stowed  away  on  floors  and  in  day  rooms.  That  young 
women,  at  the  most  delicate  period  of  their  lives,  should 
be  thus  injured  by  thoughtless  parents,  who  care  more 

*  Vide  Annala  dCHyffitne,  roL  ii.  pagw  447. 
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for  cheap  accomplishments  than  a  healthy  frame,  is  a 
great  eviL  Every  school  should  be  under  the  super- 
vision of  the  Health  Authority  of  the  district  in  which 
it  is  situated,  so  that  a  guarantee  may  be  afforded  to 
the  State  that  the  young  be  not  subjected  to  the  cruelty 
of  slow  poisoning  by  foul  air. 

The  relation  between  such  lung  diseases  as  bron- 
chitis and  pneumonia,  and  the  unwholesome  condition 
of  the  air  of  our  dwellings,  has  not  been  sufficiently 
recognized  by  the  medical  profession  and  the  public. 
One  of  the  most  common  causes  of  an  attack  of  bron- 
chitis is  a  sudden  exposure  of  the  bronchial  mucous 
membrane  to  extreme  conditions  of  air.  A  man  who 
breathes  for  some  hours  the  hot  and  dry  vitiated  air  of 
an  unventilated  room  is  prone  to  be  thus  affected  on 
passing  out  into  cold  damp  night  air.  If  debilitated 
from  any  cause,  the  inflammation  may  affect  the  sub- 
stance of  the  lung,  and  the  man  will  have  pneumonia. 

Bapid  alternations  of  temperature  and  moisture  are 
apt  to  be  attended  with  risk  to  health  to  those  who 
have  passed  the  period  of  youth  during  which  the  body 
quickly  adapts  itself  to  altered  atmospheric  conditions. 
The  body,  in  the  middle-aged  and  old,  always  experiences 
a  difficulty  in  suddenly  accommodating  itself  to  extreme 
ranges  of  temperature.  By  substituting  for  the  over- 
heated and  impure  air  of  our  houses  and  public  build- 
ings a  pure  wholesome  air,  of  a  temperature  adapted  to 
our  sensations  of  comfort,  by  the  establishment  of  an 
efficient  system  of  ventilation,  we  shall  avoid  the  danger 
of  sudden  and  extreme  changes  which  continually 
menaces  those  organs  in  which  the  blood  and  air  meet. 

A  Fellow  of  the  Eoyal  Society  has  recently  publicly 
declared  that  there  is  not  a  perfectly  healthy  dwelling- 
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house  in  the  countiy.     Although  that  at  first  sight 
seems  an  exaggerated  view,  yet  it  is  not  far  short  of 
the  truth.     I  only  know  of  one  room  in  this  country  oneweu- 
in  which  there  is  any  good  ventilation,  namely^  the  JIJ^^^J^^ 
House  of  Commons.     All  the  patents  that  have  ever  ooontiy. 
yet  been  devised  are  worthless.     Amongst  the  dozens  UMiMneH 
of  contrivances  that  are  described  and  figured  in  F.  niimi>aieM 
Edwards'    book,   entitled    Ventilation   and   Seat,  notP<>P2l" 
one   fulfils   the   requirements   of  a   good   ventilator, 
namely,  the  constant  passage  into  each  room  of  pure 
air  of  a   healthful  degree  of  humidity — warmed  in 
winter  and  cooled  in  simmier,  with  an  accompanying 
provision  for  the  immediate  removal  of  that  which  has 
been  breathed,  in  such  a  manner  that  no  draught  is 
created 

To  intercept  the  fuliginous  particles  of  the  air  by 
gauze  curtains;  to  pass  the  inflowing  air  through  an 
atmosphere  of  spray ;  to  artifically  warm  it  in  winter, 
and  cool  it  in  summer  with  ice :  all  this  preparation 
of  the  air  can  be  carried  out  in  public  buildings  like 
the  Houses  of  Parliament,  but  such  arrangements  are 
quite  impossible  in  the  case  of  the  majority  of  private 
houses.  As  regards  cottages,  the  mere  hint  at  such  a 
project  is  absurd  in  the  extrema 

An  American  architect  has  expressed  the  opinion* 
that  a  building  cannot  be  supplied  with  cool  air  of  a 
pleasant  degree  of  humidity  when  the  external  air  is 
hot  and  damp,  for  the  cooling  would  be  attended  by 
the  condensation  of  the  moisture,  and  the  formation  of 
a  mist  This  change  cannot,  I  admit,  be  produced 
without  a  preparation  of  the  air  in  underground  cham- 

*  "  On  the  Relation  of  Moisture  in  Air  to  Health  and  Comfort,**  by 
Eobert  Briggs,  C.E.,  in  Quarterly  Journal  of  Science,    April  1878. 


meet. 
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bers  adapted  for  the  purpose,  such  as  are  available 
beneath  public  buildings  or  large  houses.  In  the  case 
of  the  majority  of  houses,  air,  when  hot  and  moist,  can 
be  passed  through  a  room  with  greater  rapidity  than 
usual,  and  the  occupants  will  experience  the  cooling 
effects  produced  by  the  more  frequent  renewal  of  air. 
The  establishment  of  a  comfortable  uniform  loss  of  heat 
by  the  system  is  the  point  to  be  arrived  at  in  our 
efibrts  to  determine  the  requisite  speed  for  the  passage 
of  the  air. 
BAieof  Physicians  are  waiting  for  inventors  to  deal  with 

to toMccite  this  difl&cult  subject  of  providing  the  habitations  of  the 
tiiA  denund  people,  pooT  as  Well  as  rich,  with  some  efficient  and 
T«ntiiating  simplo  Ventilating  methods,  remembering  the  above  in- 
oontiiv-  dispensable  requisites.  There  is  no  difficulty  as  regards 
public  buildings,  such  as  churches,  meeting  halls,  con- 
cert rooms,  theatres,  baU  rooms,  etc.  They  can  all  be 
ventilated  and  lighted  in  the  same  manner  as  the  House 
of  Commons.  An  exposure  of  the  body,  and  especially 
of  that  part  of  it  named  the  pulmonary  surface,  to  sud- 
den and  extreme  ranges  of  temperature,  as  in  coming 
out  into  the  cold  air  from  a  hot  ill-ventilated  church 
or  other  public  building,  should  be  regarded  as  attended 
with  a  certain  amount  of  risk  to  all,  and  a  positive 
danger  to  the  aged  and  weakly. 

The  r61e  to  be  played  by  the  Medical  Officer  of 
Health  and  other  scmitarians  in  the  public  interest,  is 
to  urge  Local  Boards  of  Health  to  refuse  to  pass  the 
plans  of  houses  in  which  there  is  no  efficient  provision 
for  the  removal  of  used-up  air,  as  well  as  of  other  efiete 
and  noxious  matters.  When  a  great  demand  is  in  this 
way  excited,  a  vigorous  attempt  will  be  made  by  those 
who  devote  their  eneigies  to  the  invention  of  con- 
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trivances  for  our  health  and  comfort  to  supply  that 
want 

The  standard  of  pnie  air  for  our  dwellings  and  for 
all  places  of  public  resort,  which  we  should  endeavour 
to  reach,  may  be  considered  to  be  thus  constituted : — 
Active  Oxygen,  Ozone,  and  other  air  purifiers,  in  recog-  suikuid  or 

nizable  quantities.  pure  air. 

Organic  Matter,  as  Alb.  Ammonia,  as  near  '08  milligram. 

per  cubic  metre  as  possible. 
Carbonic  Acid — ^Not  more  than  '06  per  cent. 
Temperature  to  be  determined  by  the  sensations  of  the 

majority  as  to  comfort.* 
Moisture — Eelative  humidity  70  to  75  per  cent     A 

difference  between  the  dry  and  wet  bulbs  of  about 

5  or  6  degrees. 

To  approach  this  standard  as  closely  as  possible 
should  be  the  aim  of  all  who  study  the  construction  of 
healthy  homes  for  the  people. 

The  practical  question  arises — How  are  we  to  make 
an  attempt  to  arrive  at  any  point  on  the  road  to  this 
standard  amongst  the  cottages  of  the  poor?  The 
difficulties  are  enormous  in  many  cases.  In  the  rural 
districts,  where  the  houses  are  surrounded  generally  by 
pure  air,  we  insist  on  every  inmate  (age  not  considered) 
having  at  least  200  cubic  feet  of  air  by  night     In 

*  The  temperature  of  comfort  of  air  indoors  has  been  variously 
stated:— 

66'  to  68"  F.  Hood's  Treatise  on  Warming  Buildings,  59*  F.  Peclet's 
TraiU  de  la  ChaUur.  56**  to  62**  F.  Tred^ld's  Principles  of  Warming 
and  Ventilatum.  62"  F.  Box's  Practical  Treatise  on  Heat,  65"  F. 
Reed's  Illustrations  of  the  Theory  and  Practice  of  Ventilation,  48"  to 
60"  F.  Parkes*  Manual  of  Hygiene,  69"  F.  Nurseries  and  Schools  ;  61* 
to  64  F.  Hospitals ;  66"  to  68"  F.  Theatres  and  Assembly  Halls.— 
Morin's  Eludes  sur  la  Ventilation, 
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tramps'  lodging-houses  300  cubic  feet  of  air  in  a  sleep- 
ing-room, and  400  cubic  feet  in  a  room  used  for  sleeping 
and  as  a  day  room,  are  the  minimimi  quantities  sanc- 
tioned by  the  Local  Government  Board.  In  towns, 
where  the  air  is  more  or  less  impure,  a  larger  quantity 
of  air  per  individual  should  be  insisted  on.  We  should 
gradually  aim  at  obtaining  not  only  the  largest  amount 
of  breathing  space  that  is  practicable,  but  some  efEicient 
provision  for  the  change  of  air  to  the  extent  of  from 
2000  to  3000  cubic  feet  per  hour,  or  about  10,000 
gallons  of  air  per  head,  per  hour.  How  is  this  to  be 
accomplished?  Happily,  for  the  sake  of  ventilation, 
the  majority  of  our  cottages  have  an  abundance  of 
chinks  and  crevices  that  admit  air  from  without. 
Fortunately,  also,  a  considerable  change  of  air  is 
effected  through  the  walls  of  our  dwellings,  if  they  are 
composed  of  brick,  or  mud,  or  tufacious  limestone,  or 
wood, 
ta^wijiii.  Professor  Pettenkofer  has,  by  experiments,  shown  * 
that  through  a  room  made  of  brick  walls,  of  the 
capacity  of  2650  cubic  feet,  every  crack  and  hole  in 
which  was  thoroughly  plugged  up,  1060  cubic  feet  of 
fresh  air  passed  per  hour,  by  virtue  of  the  difference  of 
temperature  (34°  F.)  between  the  outer  (32°  F.)  and 
the  inner  (62°  F.)  air.  He  found  that,  with  a  difference 
of  temperature  of  9^  F.  between  the  outside  and  the 
inside  of  a  room,  the  spontaneous  ventilation  through 
each  square  yard  of  the  free  wall  amounted  to  about  7 
cubic  feet,  or  43  gallons  per  hour. 

Marker^s  and  Schultze's  experiments  on  the  spon- 
taneous ventilation  of  stables  confirm  these  observations. 
They  discovered  that  with  a  difference  of  temperature 

*  The  Air,  in  relation  to  Clothing,  Dwelling,  and  Soil. 
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of  9^**  R,  the  passage  of  air  through  each  square  yard 

of  free  wall  was — 

With  walls  of  Sandstone         .  47  cubic  feet  per  hour. 

^  Quarried  Limestone     6*5 
Brick       .         .  7-9 


» 


•» 


9) 

n 


9> 


» 


>» 


Tufacious  Limestone  10*1 


Mud 


14*4 


99 


>» 


» 


99 
119 


All  the  ordinary  building  materials,  such  as  plaster^ 
wood,  cement,  etc.,  are  more  or  less  porous,  and  admit 
the  passage  of  air  through  them  in  such  a  manner  that 
we  are  not  conscious  of  the  movement.  We  are  in- 
sensible to  the  passage  of  air  if  the  velocity  of  the 
same  is  less  than  19  inches  per  second. 

It  will,  perhaps,  be  considered  by  some  that  to 
change  the  air  of  a  cottage  at  the  rate  of  between  2000 
to  3000  cubic  feet  per  hour  per  individual,  at  a  velocity, 
to  avoid  draught,  of  less  than  19  inches  per  second,  is 
to  supply  an  enormous  and  unnecessary  amount  of  fresh 
air,  and  is,  moreover,  a  thoroughly  impracticable  project. 
Frenchmen  do  not  consider  this  amount  excessive,  if  we 
may  judge  from  the  following  table,  given  by  Petten- 
kofer,  of  their  demands  as  to  change  of  air  in  their 
buildings  per  hour  per  person : — 

.     2120  —  2470  cubic  feet 


Hospitals  for  ordinary  cases 

9,      for  wounded 

„      for  epidemics    . 
Prisons  .         .         .         . 

Workshops — ordinary 

„  unhealthy 

Barracks— day 

„         night    . 
Theatres         .         .         .         . 
Large  rooms  for  long  meetings 

„  for  shorter 

Schools  for  adults   . 
for  children 


»> 


99 


3530 

5300 

1766 

2120 

3530 

1060 

1410—  1766 

1410—  „ 

2120 

1060 
880  —  1060 
424—  530 


>9 


99 


» 


W 


» 


9> 


Provided  we  keep  our  walls  dry,  for  then  we  main- 
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tain  them  in  a  porous  condition,  as  moisture  renders 
them  impermeable,  so  long  we  can  draw  a  very  large 
quantity  of  air  through  our  walls,  with  but  little  dif- 
ference of  temperature  between  the  inside  and  outside 
of  the  house. 
ventUatioiL  If  this  Spontaneous  ventilation  is  supplemented  by 
some  simple  contrivance,  which  cannot  be  interfered 
with,  for  admitting  fresh  air  in  so  broken-up  and 
divided  a  state  as  that  its  flow  shall  be  unfelt  by  the 
occupants,  all  that  can  be  done  will  have  been  accom- 
plished for  the  majority  of  our  old  isolated  cottages  in 
the  country  districts,  the  repairs  of  which  often  consume 
the  whole  of  the  yearly  rentaL  Pettenkofer  rightly 
says,  "It  is  a  waste  of  ventilation  if  it  is  directed 
against  avoidable  pollutions  of  the  air  .  .  .  the 
proper  domain  of  ventilation  begins  when  cleanliness 
has  done  its  best."  We  ought  not,  however,  to  let 
matters  rest  here  as  regards  the  rows  of  cottages  in  our 
towns  and  cities,  which  have  but  little  free  wall  sur- 
face, and  are  often  merely  foul  caves  with  no  opening 
at  the  back  to  allow  of  the  free  passage  of  air. 
Thousands  and  thousands  of  these  urban  dwellings 
of  the  poor  are  caricatures  of  what  cottage  homes 
should  be,  namely,  a  healthful  place  for  rest,  refresh- 
ment, and  cheerful  intercourse  after  toil,  and  would  be 
more  truthfully  designated  human  piggeries.  Who  is 
there  amongst  medical  men  that  is  not  familiar  with 
the  appalling  infanticide  that  prevails  amongst  these 
districts  which  have  been  designated  "  Herodian," 
mainly  due  to  the  foul  air  (for  young  lives  are  the 
most  sensitive  tests  of  the  existence  of  an  infraction  of 
sanitary  laws),  and  partly,  no  doubt,  to  improper  feeding 
and  neglect  That  noble  appeal  of  Charles  Dickens 
for  legislation  for  the  poor  cannot  but  be  remembered 
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in  thinking  of  this  sad  subject :  "  If  those  who  rule 
the  destinies  of  nations  would  but  think  how  hard  it 
is  for  the  very  poor  to  have  engendered  in  their  hearts 
that  love  of  home  from  which  all  domestic  virtues 
spring,  when  they  live  in  dense  and  squalid  masses, 
where  social  decency  is  lost,  or .  rather  never  found, — 
if  they  would  but  turn  aside  from  the  wide  thorough- 
fares, and  great  houses,  and  strive  to  improve  the 
wretched  dwellings  in  byeways,  where  only  poverty  may 
walk — many  low  roofs  would  point  more  truly  to  the 
sky  than  the  loftiest  steeple  that  now  rears  proudly  up 
from  the  midst  of  guilt  and  crime  and  horrible  disease, 
to  mock  them  by  its  contrast."  What  a  picture  is 
sketched  of  these  dreadful  places  by  Dr  Buchanan,  one 
of  the  travelling  inspectors  of  the  local  government 
board  !  "  In  small  closed  courts,  surrounded  by  high 
buildings,  and  approached  by  narrow  and  perhaps 
winding  gangways,  houses  of  the  meanest  sort  stand, 
acre  after  acre  of  them,  with  but  privies  and  dust  bins 
to  look  upon.  And  surely  such  cannot  be  accounted 
fit  for  human  habitation,  while  the  standard  of  that 
humanity  is  low.  Nothing  short  of  a  tornado  can 
effectually  ventilate  these  courts ;  in  still  weather  the 
atmosphere  in  them  is  unchanged  and  uiichangeable. 
Can  it  be  a  matter  of  surprise  that  such  regions 
should  be  the  favourite  pastures  or  hunting-grounds  of 
filth  diseases,  and  that  moral,  as  well  as  material 
deterioration  should  be  invariable  accompaniments  ? 
It  may  be  truly  said  of  many  evil  things,  that  '  like 
goes  to  like.'  Happily  the  Artizans'  Dwellings  Bill, 
alias  the  Hookeries  Bill,  has  been  passed,  which  aims  at 
the  demolition  of  these  nests  of  disease  and  crime ; 
and  which  will,  it  is  to  be  hoped,  gradually  diminish 
the  most  depraved  and  unhealthy  modes  of  life." 
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PAET    II. 

THE  DETECTION  AND  ESTIMATION  OF  THE  AMOUNT  OF  THE 
MOST  IMPORTANT  IMPURITIES  FOUND  IN  THE  AIR. 

Two  methods  of  discovering  the  condition  of  the  air, 
as  to  purity,  a  direct  and  an  indirect  one,  have  been  in 
vogue :  the  direct  having  for  its  object  the  detection 
and  estimation  of  the  quantity  of  impurities,  such  as 
the  organic  and  other  solid  bodies,  and  the  carbonic  acid 
present  in  the  air ;  and  the  indirect  one  being  to  ascer- 
tain its  departure  from  a  state  of  purity  by  the  estima- 
tion of  the  amount  of  ozone  and  other  purifying  agents 
which  have  not  been  used  up  by  the  organic  matter 
and  by  the  various  noxious  gases  with  which  it  is 
contaminated. 


■N 
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DIRECT  METHOD. 


CHAPTER  XXV. 

MODES  OF  OBSERVING  SOLID  BODIES  IN  THE  AIR,  AND  OF 
SEPARATING  THEM  FOR  EXAMINATION. 

As  far  back  as  1830,  Ehrenberg  worked  and  pub-soUdbodiei 
lished  on  this  subject.    He"  showed  the  actual  existence  *"*^    ' 
of  an  atmospheric  kingdom  of  life,  animal  and  vegetable. 
He  was  followed  by  M.  Gaultier   de    Claubry,  who 
passed  air  from  various  localities  through  water  that 
had  been  exposed  to  a  high  temperature. 

During  the  cholera  epidemic  in  England  of  1849, 
the  dust  of  air  was  much  examined,  in  consequence  of 
the  supposed  discovery  of  certain  bodies  termed  cholera 
fungi  in  infected  air.  M.  Quatrefages,  Pouchet, 
Pasteur,  N.  Joly,  and  Charles  Musset,  Boussingault, 
Baudrimont,  and  Gigot,  ace  foreigners  who  have  all 
severally  laboured  at  this  subject  from  different  points, 
the  first  five  being  especially  interested  in  it  in  relation 
to  spontaneous  generation. 

Devergie  examined  the  air  in  the  vicinity  of  a 
case  of  hospital  gangrene,  and  detected  an  enormous 
quantity  of  organic  matter  in  it.  Bits  of  wool,  cotton, 
particles  of  hair,  and  epithelial  cells  and  starch,  were 
most  common. 
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In  the  Army  Medical  Report  for  1867,  is  an 
account  of  an  experimental  investigation  made  by  Dr. 
F.  de  Chaumont  into  the  ventilation  of  the  new  barracks 
at  Chelsea.  He  passed  120  cubic  feet  of  air  through 
a  freezing  mixture,  and  4*7  c.  c.  of  fluid  condensed  from 
it,  which  contained  epithelium  in  large  amount,  hair 
and  various  fibres,  sand,  soot,  crystalline  substances, 
and  chloride  of  sodiimi,  together  with  sporangia  of 
fungi,  and  monads  in  considerable  quantity.  In  the 
air  of  a  back  yard  of  a  London  hospital  he  found  con- 
siderable quantities  of  epitheliimi ;  and  in  the  "  dirty 
linen  area,"  where  the  foul  linen  was  kept  in  crates 
until  washed,  pus  globules  and  a  quantity  of  fatty 
crystals  apparently  from  dressings,  bacteria  both  frewB 
and  in  the  zooglseal  form.  *In  the  Accident  Ward  of 
St.  Mary's  Hospital,  Paddington,  he  discovered  pus 
cells  in  the  air  near  some  beds  which  had  a  bad  repu- 
tation for  erysipelas.* 

The  Army  Medical  Report  for  1868  contains 
similar  observations  by  Dr.  R  T.  Wright  on  the  air  of 
the  barrack-room,  Royal  Victoria  Hospital,  Netley. 

In  1861  MM.  Eiselt  and  Bechi  published  the 
result  of  some  experiments.  In  the  same  year  an 
investigation  was  undertaken  on  behalf  of  the  Lancet 
on  the  dust  of  town  houses  in  dry  weather.  The 
result  of  this  enquiry  showed  that  it  consisted  of  pul- 
verised horse  dung,  and  the  grindings  of  shoe  leather,  and 
starch  corpuscles. 

In  1862  Reveil  and  Chalvet  made  some  observa- 
tions on  the  air  of  the  surgical  wards  of  the  hospital  of 
St  Louis. 

•  "Three  Reports  on  the  Sanitary  Condition  of  St  Mary's  Hospi- 
tal, 1875-1876.** 
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Dr.  Jefferies  Wyman  and  Dr.  Salisbury  were  the 
earliest  of  American  workers  on  atmospheric  dust. 

Samuelson  and  Balbiani  have  also  made  experiments 
on  this  subject. 

Dr.  Salisbury's  observations  especially  related  to  the 
air  of  the  low  marshy  valleys  of  the  Ohio  and  Missis- 
sippi in  connection  with  the  causation  of  intermittent 
and  remittent  fevers.*  M.  Lemaire's  researches,  com- 
municated to  the  French  Academy  in  1863,  partly 
related  to  marsh  air  in  the  neighbourhood  of  Sologne, 
which  was  a  very  malarious  district.  Selmi  and 
Balestra  have  both  made  observations  on  the  air  of 
swamps,  and  both  describe  the  presence  of  myriads  of 
spores  of  algse.  The  experiments  of  the  latter  were 
made  on  the  air  of  the  Pontine  marshes. 

A  great  many  examinations  were  made  of  the  dust 
of  the  air  during  the  cattle  plague  epidemic  of  1866. 
It  was  collected  in  most  cases  by  passing  it  through 
cotton  wool  In  1867,  M.  Poulet  reported  that  he 
found  a  number  of  bacteria  in  the  condensed  vapour  of 
the  breath  in  whooping  cough. 

Mr.  Metcalfe  Johnson  describes  t  a  method  of  col- 
lecting solid  articles  from  the  air  by  means  of  an  "  air 
sieve,"  which  consisted  of  a  glass  plate  in  a  small  deal 
box,  over  which  a  stream  of  water  trickled  down  and 
was  collected  in  a  trough  beneath.  A  current  of  air 
was  allowed  to  impinge  on  it. 

The  subject  of  the  great  controversy  as  to  the 
origin  or  the  beginnings  of  life,  with  which  the  names 
of  Pasteur  and  Pouchet,  Tyndall  and  Bastian,  have  been 
for  so  long  associated,  from  which  great  changes  in  surgery 

•  American  Journal  of  Medical  Sciences^  April  1866. 
t  Monthly  Microscojneal  Journal,  vol.  ii.  p.  100. 
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have  flowed,  especially  under  the  leadership  of  Lister, 
must  be  strenuously  avoided  if  this  section  is  to  be 
confined  within  its  legitimate  limits.  If  we  permit 
ourselves  to  drift  to  the  smallest  degree  into  it,  the 
indulgence  of  the  gratification  will  be  fatal  to  the  con- 
ciseness and  brevity  requisite  in  this  work. 

A  rough-and-ready  way  of  observing  the  dust  of 
air  is  by  admitting  a  ray  of  sunlight  into  a  darkened 
room,  when  the  "  motes  in  the  sunbeam,"  as  the  par- 
ticles of  dust  have  been  popularly  called,  are  visible  to 
us. 
profcMor  Professor  Tyndall  has  employed  the  very  powerful 

ezperi-  *beam  of  the  electric  light  for  the  purpose  of  render- 
ing the  dust  of  air  more  apparent,  with  which  he 
associated  the  flame  of  a  spirit  lamp  that  created  an 
appearance,  when  applied  to  the  beam,  of  the  ascent  of 
dark  wreaths  of  intensely  black  smoke.  A  large  hy- 
drogen flame  produced  the  same  effect  The  blackness 
proved  to  be  due  to  the  absence  from  the  track  of  the 
beam  of  all  matter  capable  of  scattering  its  light,  which 
had  in  fact  been  burnt.  He  said,  in  his  lecture,  de- 
livered in  the  Boyal  Institution  at  the  end  of  1869 
or  commencement  of  1870  : — 

"  Nobody  can  without  repugnance  place  his  mouth 
at  the  iUimiinated  focus  of  the  electric  beam,  and  in- 
hale the  dirt  revealed  there.  Nor  is  the  disgust 
abolished  by  the  reflection,  that,  although  we  do  not  see 
the  nastiness,  we  are  churning  it  in  our  lungs  every 
hour  and  minute  of  our  lives.  If,  after  inspiring  a 
quantity  of  common  air,  a  long  expiration  is  made 
through  a  glass  tube  across  the  electric  beam,  the  lumi- 
nous track  is  at  first  uninterrupted.  The  breath  im- 
presses on  the  floating  matter  a  transverse  motion,  but 
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the  dust  from  the  lungs  makes  good  the  particles  dis- 
placed. After  a  time,  however,  an  obscure  disc  appears 
upon  the  beam,  and  at  the  end  of  expiration  the  beam 
is,  as  it  were,  pierced  by  an  intensely  black  hole,  in 
which  no  particles  whatever  can  be  discerned.  The 
air  in  fact  has  lodged  its  dirt  in  the  lungs.  A  handful 
of  cotton  wool  placed  over  the  nose  and  mouth  during 
inspiration  makes  the  dark  hole  in  the  beam  of  light 
appear  fix)m  the  beginning  of  expiration.  A  silk  hand- 
kerchief''^  answers  nearly  as  welL" 

Mr.  C.  Tichbome  communicated  to  the  British 
Association,  in  1870,  an  account  of  his  experiments 
on  the  air  of  Dublin.  Street  dust,  he  said,  was  mainly 
composed  of  stable  manure  and  triturated  stones. 

The  dust  of  New  York  has  been  examined  by  the 
New  York  Ofl&cers  of  Health  by  exposing  glass  plates 
to  the  air.  The  same  substances  were  present  in  all 
of  the  specimens;  street  dust,  particles  of  sand  and 
carbon,  fibres  of  cotton,  fragments  of  vegetable  tissues, 
granules  of  starch,  three  different  kinds  of  pollen 
grains,  and  fungal  elements.  The  latter  were  abundant, 
ranging  in  character  from  a  micrococcus  to  mycelial 

*  The  old-fashioned  practice  amongst  the  pnblic,  often  witnessed 
by  medical  men,  of  holding  a  handkerchief  to  the  mouth  and  nose  on 
approaching  the  bedside  of  a  person  suffering  from  an  infectious  disease, 
may,  in  the  light  of  recent  investigations,  have  been  a  wise  proceeding, 
and  was  doubtless  intuitively  arrived  at  and  found  by  experience  to 
be  protective  to  the  health.  Sometimes  scents  were  employed,  not  only 
in  the  handkerchief  but  in  the  sick-room  (Vide  **  Perfumes  and  Ozone," 
in  Ozone  and  AntozonCy  pages  121  and  122).  People  very  commonly 
apply  a  handkerchief  also  to  the  nose  and  mouth  when  they  come  into 
contact  with  a  stench,  to  prevent  the  offensive  odour  from  annoying 
them.  The  linen  or  cotton  fabric  no  doubt  acts  as  an  imperfect  filter, 
which  strains  off  the  solid  particles  floating  in  the  air,  with  which  that 
unpleasant  odour  is  associated. 
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1.  Bj  means  of  Pouchet's  aeroscope,^  which  con-F«mehtrs 
sists  of  a  glass  tube  hermetically  closed  at  either'^*'****'*" 
extremity  by  a  copper  ferule.  The  upper  ferule  was 
fixed  to  the  glass,  and  was  connected  with  a  tube  of 
copper,  terminating  externally  in  a  small  funnel,  and 
internally  in  the  inside  of  the  glass  tube,  in  a  very 
finely  drawn  point,  not  more  than  '5  m.  m.  in  diameter. 
The  other  ferule  was  removable,  and  allowed  of  the 
introduction  of  a  circular  glass  plate  into  the  interior  of 
the  instrument,  which  was  pldced  at  1  m.  m.  &om  the 
point  of  the  tube  connected  with  the  upper  ferule. 
This  plate  was  covered  with  adhesive  matter ;  and,  if 
necessary,  the  point  of  the  tube  was  made  to  terminate 
in  a  minute  perforated  diaphragm  like  the  rose  of  a 
watering  pot,  so  as  to  secure  the  dispersion  of  the 
atmospheric  particles  over  the  surface  of  the  plate. 

Dr.  Maddox's  "aerocoruscope"  differed  from  Pouchef  s  Dr. 
aeroscope  in  the  fact  that  a  current  of  air  was  made  to  JJ^oIif- 
traverse  it  without  the  aid  of  an  aspirator,  as  employed  awve. 
by  that  observer.      In  Dr.  Maddox's   apparatus  the 
movement  of  the  air  was  secured  by  means  of  a  vane, 
which,  when  the  instrument  was  exposed  to  moving 
air,  kept  the  mouth  in  the  direction  of  the  current,  by 
causing  the  whole  apparatus  to  rotate  on  the  spindle 
that  supported  it.     When,  on  the  other  hand,  still  air 
was  to  be  examined,  a  current  was  ingeniously  secured 
by  means  of  a  chimney  conveying  heated  air  from  the 
flame  of  a  spirit  lamp. 

The  apparatus  employed  by  Dr.  D.  D.  Gunningham,t 

*  Moyen  de  rassembler  dftna  nn  eapoce  infiniment  petit  tona  let 
corpuscles  normalement  invisibles  coDteniis  dans  on  Tolume  d'alr 
d^termin^ — GompUs  Jtendus,  T.  i.  p.  748. 

t  Microscopic  Examination  of  Air,  by  Dr.  D.  D.  Canningbaiii, 
Sargeon,  H.  M.  Indian  Med.  Serrioe.    PabUshed  by  Goreniment^  1874k 
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in  his  Dumerona  observations  on  atmoapheric  dust,  was 
an  improvement  on  that  with  vhicb  Dr.  Maddox's  name 
has  been  coupled.  It  con- 
sisted of  three  thin  brass 
tubes  (A),  two  of  which 
slipped  over  the  third 
central  one,  and  came  into 
contact  with  the  opposite 
sides  of  a  projecting  rim 
on  its  circumference.  This 
rim  was  formed  by  the 
margin  of  a  diaphragm, 
which  divided  the  centre 
tube  into  two  chambers. 
It  was  of  sufficient  thick- 
P^  ,1  ness  to  allow  of  a  spindle 

passing  up  through  it  (B). 
The  latter  terminated  in  a  pointed  extremity,  which 
came  in  contact  with  the  upper  end  of  the  bearing,  and 
provided  for  the  free  rotation  of  the  system  of  tubes. 
Bound  the  mai^s  of  the  diaphragm  there  was  a  set 
of  perforations  to  allow  of  the  passage  of  air  through 
it,  and,  on  the  centre  of  its  anterior  surface  there  was  a 
square  plate  of  brass,  with  a  slightly  projecting  rim  on 
its  lower  margin.  The  anterior  of  the  two  lateral  tubes 
iras  provided  with  an  expanded  orifice,  and  contained  a 
small,  finely-pointed  funnel  in  its  interior ;  the  pointed 
extremity  opening  immediately  in  front  of  the  centre 
of  the  diaphragm  plate.  The  posterior  tube  was  quite 
iple,  and  had  a  good-sized  fish-tail  vane  fitted  into  a 
on  its  extremity.  At  each  locality  selected  as  a 
Bite,  a  stout  teakwood  post,  about  4i^  feet  in  height, 
'yaa  firmly  fixed   in  the  ground.     A  brass  spindle, 
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fitting  the  bearing  in  the  diaphragm  of  the  apparatus, 
was  screwed  into  the  top  of  each  of  them,  and  served 
as  an  axis  of  rotation,  securing  the  exposure  of  the 
expanded  orifice  to  the  prevailing  currents  of  wind. 

Preparatory  to  taking  anj  observations  the  appar- 
atus was  well  washed  with  spirits  of  wine,  and  heated 
over  a  spirit  lamp.  A  microscope  cover  glass  of  suit- 
able size  was  then  carefully  cleaned,  and  one  surface 
smeared  with  pure  glycerine.  A  minute  drop  of  the 
same  medium  was  placed  upon  the  diaphragm  plate, 
and  the  dry  surface  of  the  cover  glass  applied  to  it, 
leaving  the  smeared  surface  exposed.  The  glycerine  on 
the  diaphragm  secured  the  glass  adherent  in  a  vertical 
position,  and  obviated  the  necessity  for  a  spring,  the  use 
of  which  was  found  inconvenient  from  its  coming  in  the 
way,  and  intercepting  more  or  less  of  the  atmospheric 
dust.  The  anterior  tube  was  next  slipped  on,  bringing 
the  pointed  extremity  of  the  interior  funnel  imme- 
diately in  front  of  the  glass,  and  the  whole  apparatus 
was  finally  set  on  the  spindle,  where  it  remained 
during  a  period  of  24  hours.  The  mouth  of  this 
apparatus,  when  in  situ,  was  at  a  level  of  about  5  feet 
from  the  ground.  The  stratum  of  air  at  this  height 
is  that  breathed  by  a  man  when  erect,  and  is  there- 
fore likely  to  show  the  nature  of  the  atmospheric  par- 
ticles commonly  entering  the  air  passages.  At  the 
close  of  24  hours  the  instrument  was  taken  down,  the 
anterior  tube  removed,  and  the  cover  glass  transferred 
to  a  clean  slide,  a  little  fresh  glycerine  being  added  if 
necessary.  The  magnifying  power  employed  was  one 
of  400  diameters,  but  whenever  necessary  in  the  exami- 
nation of  specimens,  such  as  minute  fungoid  cellules 
or  bacteroid  bodies,  this  was  replaced  by  others  ranging 
from  800  to  1000  diameters. 
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air  of  a  large  city  has  been  well  observed  by  M. 
Mari^-Davy  and  his  associates  at  the  Montsouns 
Observatory,  in  the  neighbourhood  of  Paris. 

Dust  furnished  by  582  litres  of  air  on  September 
29th,  1875,  after  the  air  had  undergone  purification 
by  rain  during  the  preceding  day,  x   1000  : — 


Fig.  16. 


DESCRIPTION  OF  PLATE  OF  MICROSCOPIC  OBJECTS  FOUND 

IN  AIR. 


1.  Pollen. 

2.  FangL 

8a  Starch  gFumlw. 

85.  Staich  gxaanlM  polariaed. 

4.  PratococcnB  plaTialii. 

6.  Epithelinm. 

0.  Vegetable  fporei. 

7.  SporeeY 


8.  Fangi? 

9.  FaiticleeofBOot 

10.  Cryitals  of  chloride  of  sodium. 

11.  CiyBtals  of  chloride  of  ammoniam  ? 

12.  Crystala  of  eolphate  of  soda. 
18.  Mineial  particles. 

14.  Desmids? 


'Z 
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THE  DUST  OF  THE  AIR. 
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''The  majority  of  the  bodies  appear  to  be  the 
spores  of  cryptogams  with  a  few  grains  of  starch, 
which  iodine  coloured  blue." 

Bodies  collected  on  glycerine  from  December  30, 
1875,  to  January  2,  1876,  X  1000  : — 


Pig.  17. 


1  and  2,  Pollen;  3,  Starch;  4,  Three  of  these 
reddish  black  bodies  were  attracted  by  the  magnet,  and 
are  granules  of  meteoric  iron,  which  have  been  de- 
scribed by  M.  Tissandier.  The  4th  is  a  spore,  as  it  is 
iminfluenced  by  dilute  sulphuric  acid. 
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Dust  furnished  by  the  air  during  the  month  of 
February  1876,  collected  on  glycerine: — 


Fig.  18. 


W 


"The  quantity  of  the  colourless  bodies.  No.  9, 
which  were  only  seen  by  the  aid  of  an  immersion  lens, 
was  enormous.  They  consist  probably  of  zoospores 
and  germs  of  infusoria." 

From  February  11  to  16  a  large  number  of  the 
filiform  si)orules,  No.  11,  were  noticed. 

Br.  Cunningham  has  made  a  vast  number  of 
drawings  of  solid  bodies  found  by  him  in  the  air,  by 
the   aid  of  his  apparatus  described  and   figured  on 
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page   260.      Here   are    some    representative    speci- 
mens : — 


Fig.  w. 

M.  Pasteur  suggests  the  institution  of  comparisons 
between  the  kind  and  quantity  of  organized  corpuscles 
disseminated  in  the  air  at  one  place  during  the  several 
seasons  of  the  year  before  and  after  rain,  etc.,  and  at 
different  places  at  the  same  time,  with  the  object  of 
increasing  our  knowledge  of  the  zymotic  diseases, 
especially  when  epidemics  are  prevalent  He  found 
in  the  winter  months,  during  a  period  of  very  low 
temperature,  ranging  from  IS'S"*  to  6*8°  F.,  that  a  very 
small  number  of  germs  could  be  collected  from  the  air. 
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• 

compounds  from  retrocedent  decompositions — all  of 
which  are  the  most  injurious  of  such  impurities." 

The  presence  of  sulphurous  acid  from  the  combus- 
tion of  coal  in  an  overcrowded  city,  and  free  chlorine 
in  the  air  of  a  manufacturing  centre,  may  certainly  tend 
to  purify  to  some  extent  the  atmosphere,  which  is  so 
heavily  laden  with  animal  emanations.  As  the  existence 
in  air  of  an  excess  of  organic  matter  keeps  the  oxygen, 
or  its  active  form  ozone,  low,  for  it  is  always  being  used 
up  in  oxydizing  it,  so  the  presence  of  such  objectionable 
intruders  as  sulphur  or  chlorine  compounds,  takes  the 
place  of  this  vitalizing  gas.  The  purification  of  air  by 
disinfectants  after  defilement  reminds  one  of  the  purifi- 
cation of  the  water  supply  of  a  town  that  receives 
sewage  by  filtration — an  unwise,  and,  at  the  best,  an 
imperfect  proceeding,  and,  moreover,  a  great  waste  of 
power.  Far  better  and  wiser  is  it  to  keep  both  these 
media  pure,  rather  than,  after  permitting  them  to 
become  impure,  to  then  expend  force  (money)  in  en- 
deavouring to  restore  them  to  a  state  of  purity. 

Dr.  Ballard,  and  other  eminent  men,  have  been 
diligently  collecting  information  as  to  the  fearful  pollu- 
tion of  air  that  is  unceasingly  proceeding,  and  valuable 
materials  have  been  and  are  now  being  brought  together 
for  consideration  by  the  Eoyal  Commission  that  has 
been  deputed  to  investigate  the  subject  of  air  pollution. 
The  aid  that  such  a  Commission  requires  before  a 
recommendatory  report  can  be  issued  as  a  basis  of  any 
legislation,  is  partly  that  which  scientific  chemists  and 
partly  that  which  medical  ofl&cers  of  health  should  be 
able  to  furnish.  The  scientific  chemist  must  be  in  a 
position  to  represent  on  paper,  in  the  form  of  figures, 
the  differences  in  the  degree  of  impurity  of  various 
kinds  of  polluted  air.     This  first  step  towards  the 

T 
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definite  and  piecise  having  been  gained,  it  then  devolves 
on  the  health  officer  to  clearly  lay  down,  with  exacti- 
tude, the  connection  that  exists  between  these  degrees 
of  impurity  and  certain  fonns  of  disease  or  ill  health. 
If  the  scientific  chemist  and  medical  officer  of  health 
can  push  our  knowledge  so  far  as  to  be  able  to  prove 
to  demonstration  that,  if  the  human  body  is  persistently 
exposed  to  air  contaminated  by  a  polluting  agent  to  a 
degree  represented  by  a  certain  figure,  it  will  be,  in  the 
majority  of  instances,  injuriously  affected,  then  the 
Legislature  will  have  some  basis  on  which  to  work. 
A  Grovemment  would,  whether  in  accordance  or  not 
with  its  own  wish,  be  compelled  to  act  consistently 
with  the  principles  of  past  sanitary  l^islation,  the 
burden  of  which  is  that  a  man  shall  do  nothing  which 
is  injurious  to  the  health  of  his  neighbour  or  to  the 
public  welfare.  Those  enlightened  and  humane  men 
who  govern  cannot  avoid  deploring,  as  do  the  governed, 
that  great  manufactories  that  defile  the  air  exist,  which 
sustain  in  their  vicinity  hundreds  and  thousands  of 
work-people,  whose  vital  energies  are  lowered  (thus 
rendering  them  a  more  ready  prey  to  disease),  and 
whose  ofbpring  are  stunted  and  depraved  by  the 
medium  which  the  industry  that  supports  them  is 
always  and  needlessly  rendering  unwholesome. 

A. — Organic  Matter. 

Oiganic  matter  which  is  given  off  from  the  skins  and 
lungs  of  all  animals,  and  gives  that  peculiar,  indescrib- 
odour  noticeable  in  iU-ventilated  bed-rooms  occu- 
many  or  by  dirty  people,  is  vety  easily  detected 
ir,  but  there  has  always  been  a  considerable 
in  estimating  its  amount,  by  reason  of  the 
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interference  of  other  substances  contained  in  air,  which 
is  a  mixtiire  of  so  many  different  extraneous  bodies. 

Of  the  chemical  composition  of  organic  emanations 
we  know  very  little.  Dr.  Odling  found  that  the 
vapours  arising  from  sewage  were  of  a  carbo-ammoniacal 
natiire,  similar  to  such  bodies  as  methylamine,  or  tri- 
methylamine  and  ethylamine.  Beyond  this  point  there 
is  Bo'thing  but  a  te™  incogni Jas  to  tlTvery  in- 
teresting  subject. 

One  of  the  first  processes  adopted  for  the  estimation  P«rmMig«a- 
of  the  amount  of  organic  matter  was  to  expose  a  solution  Method, 
of  permanganate  of  potash  to  the  air,  as  the  oxygen  of  the 
salt  has  a  powerful  oxydizing  effect  on  organic  matters. 
A  burette  was  filled  with  a  very  weak  solution,  and  an 
attempt  was  then  made  to  ascertain  how  much  of  it 
was  necessary  to  drop  into  a  bottle  of  a  certain  capacity, 
before  it  arrived  at  the  point  when  it  was  no  longer 
decolorized  by  the  air  of  the  bottle.  The  amount  ne- 
cessary to  reach  this  point  having  been  found,  it  was  a 
matter  of  easy  calculation  to  ascertain  how  much  of 
the  permanganate  of  potash  salt  was  expended. 

Another  plan  was  the  following : — The  test  solution 
is  placed  in  a  bottle  of  known  size,  attached  to  an 
aspirator,  and  is  violently  shaken  with  the  air  in  the 
bottle.  This  air  having  been  washed,  the  bottle  is  re- 
filled by  the  aspirator,  and  a  fresh  quantity  of  air  is 
washed,  etc.,  the  object  being  to  discover  how  much  of 
any  given  sample  of  air  is  necessary  to  (decolorize  the 
pink  solution.  It  will  be  seen  that  in  both  modes  of 
applying  this  permanganate  of  potash  test  the  object  is 
the  same,  namely,  to  remove  the  pink  colour  of  a  solu- 
tion of  known  strength  by  a  known  quantity  of  air 
shaken  with  it.  It  was  ascertained,  however,  that  the 
nitrous  acid  often  present  in  the  purest  air ;  that  the 
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snlphnrona  acid,  which  is  very  abimdaDt,  and  the 
hydp^n  sulphide  gas,  which  is  genendlj  foaad  id 
minute  quantities,  in  town  air ;  and  the  chlorine  com- 
pounds, which  often  exist  in  the  air  of  our  manufac- 
turing cities : — also  decolorize  pennaoganate  of  potasL 
This  process,  therefore,  never  unquestionably  proves 
the  presence  of  any  organic  matter,  but  merely  indicates 
the  relative  quantities  of  oxidizable  matter  contained 
in  different  samples  of  air. 

Better  modes  have  since  been  devised,  having  for 
theirobject  the  conversion  of  the  oiganic  matterof  air  into 
ammonia,  the  amount  of  which  can  easily  be  calculated. 
"Water  is  prepared  of  great  purity  by  distilling  it 
twice  in  perfectly  clean 
vessels.       A      definite 
quantity,  generally   50 
c.  c,  is  placed  in  a  Win- 
chester quart  bottle,  or 
any    other    of    known 
capacity.     A  little  bel- 
lows,* the  capacity  of 
which    is     ascertained, 
with  a  vulcanized  india- 
rubber  tube,  is  employed 
^  *'  for  pumpine  fresh  sup- 

tub.  uu<!b,a.   It  poiHuu .  TiivB  .t  plies  of  air  into  the  bot- 
•^  when  tie,  or  for  withdrawing 
1  ■  thhi  the  air  contained  in  the 
bottle,  so  that  fresh  air 
may  rush  in  and  take 
its  place.     (F^.  20.) 

*  Mine  WM  procured  at  a  nirgic«l 
anployed  for  Jnfltting  «ir  beds. 
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The  bottle  and  bellows  are  taken  to  the  place,  the 
air  of  which  it  is  proposed  to  analyze,  and  the  washing 
of  the  air  is  proceeded  with  by  blowing  air  thrice  into, 
or  sucking  air  three  times  out  of,  the  bottle,  replacing 
the  stopper,  and  violently  shaking  the  bottle.  This 
performance  has  to  be  repeated  100  times,  and  is,  as 
may  be  supposed,  suflSciently  laborious.  In  order  to 
refill  the  bottle  with  air,  an  air-pump  is  sometimes 
used  imtil  the  required  point  is  obtained  on  a  mercury 
gauge,  this  being  found  to  indicate  a  known  amount 
of  air,  which  is  then  allowed  to  enter  in  order  that 
it  may  be  washed.  Some  few,  such  as  Dr.  Angus 
Smith,  have  gone  through  a  series  of  these  air-wash- 
ings, and  the  results  arrived  at  have  been  foimd 
satisfactory.  The  cumbrousness  of  the  apparatus, 
and  the  labour  involved,  have  been  great  obstacles 
to  the  general  adoption  of  this  process.  Mr.  A.  Moss' 
experiments  on  the  nitrogenous  organic  matter  in 
air,  referred  to  on  page  195,  were  made  by  passing 
a  certain  quantity  of  air,  by  means  of  "  an  accurately 
graduated  aspirator,"  through  four  wash  bottles,  each 
being  of  a  capacity  of  100  c.  c,  and  each  containing  50 
c  c.  of  pure  distilled  water.  In  the  first  bottle  of  the 
series,  50  c.  c.  of  pure  hydrochloric  acid  was  also 
poured. 

The  air- washings  are,  in  either  case,  distiQed  with 
the  caustic  potash  and  permanganate  of  potash  so- 
lution, and  the  distillates  are  treated  with  Nessler 
re-agent.  Although  all  the  organic  nitrogen  of  the  air 
is  not  in  this  maimer  converted  into  ammonia,  that 
which  is  most  easily  decomposed,  such  as  is  theoreti- 
cally capable  of  producing  disease,  is  secured. 

A  fourth  method,  which  has  been    suggested  as 
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in  diameter,  and  1 1  or  1 2  centimetres  in  depth.     Here 
it  is  retained   in  poaition   by  a  a 

gutta-percha  cork,  which  is  also 
traversed  by  a  bent  glass  tube 
of  a  diameter  of  1  centimetre. 
If  we  place  some  water  in  the 
glass  and  draw  air  through  the 
bent  tube,  air  will  enter  the  pla- 
tinum tube  and  escape  through 
the  liquid  in  the  form  of  numer- 
0U8  fine  bubbles  —  Vide  fig. 
22.  When  the  amount  of 
organic    matter   in    the    air    is  "*-^ 

sought   to    be    determined,  M.     a  a  ^"i^^^  tahZ'wiui 
Marii^-Davy  and   his   assistants 
pass   100   cubic  metres  =  about 
3531^  cubic  feet  of  air,  throi^h  *"^ 
distilled  water,  and  examine  it  by  the  permanganate 
process. 

The  ammonia  in  the  air  is  determined  at  this  ob- 
servatory in  a  manner  which  will  not  be  imitated  in  this 
country,  where  we  employ  so  universally  the  Nessler 
test  A  vessel  of  two  litres  capacity,  fitted  at  its  base 
with  a  tapered  glass  tube,  and  filled  with  distilled 
water,  is  fixed  at  a  certain  distance  above  the  terrace 
of  the  staircase.  This  quantity  of  water  escaping  from 
the  jet  in  exceedingly  minute  drops,  and  descending 
through  4  metres  of  air,  furnishes  about  1  litre  of  this 
"  artificial  rain,"  which  is  collected,  mixed  with  lime 
water  and  distilled.  The  product  of  distiUation  is 
then  treated  with  a  definite  quantity  of  a  standard 
diluted  sulphuric  acid,  is  concentrated  by  evaporation, 
and  at  length  rendered  neutral  by  a  standard  solution 
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of  ammonia^  which  determines  the  remaining  amount 
of  acicL  The  difference  between  the  amount  of  acid 
employed  in  the  first  instance,  and  that  found  by  the 
standard  solution  of  ammonia  to  have  been  unacted 
upon,  furnishes  the  ammonia  contained  in  the  collected 
water.  The  quantity  of  ammonia  in  100  cubic  metres 
of  air  at  the  time  of  the  experiment  is  ascertained  by  the 
help  of  a  table  prepared  by  M.  Schloesing,  in  which  the 
relation  between  the  amount  of  ammonia  detected  in  the 
analysis,  and  the  weight  of  ammonia  present  in  a  litre 
of  water  "  en  ^quilibre  ammoniacal  avec  Tair  "  is  shown. 
In  Glasgow,  which  is  well  known  to  be  a  city  of 
smoke  and  manufactories,  6  or  7  stations  have  been 
established  in  its  various  parts,  and  one  has  been 
organised  in  pure  air  at  Eaglesham,  which  is  12  miles 
distant ;  at  all  of  which  the  amount  of  ammonia  and 
albuminoid  ammonia,  carbonic  acid,  sulphuric  acid,  and 
chlorine,  coupled  with  certain  meteorological  phenomena, 
such  as  rainfall,  temperature,  etc,  are  observed. 

Every  station  in  the  city  is  provided  with  (1)  sets  of 
**  absorbents,"  each  "  set "  being  furnished 
with  a  distinct  solution  containing  glass 
beads,  adapted  to  withdraw  one  of  the 
above  named  substances  firom  the  current  of 
air  that  passes  through  it ;  (2)  a  water  injec- 
tion aspirator — Vide  fig.  23 ;  (3)  a  gas  meter 
to  measure  the  amount  of  air  passing  through 
the  aspirator ;  and  (4)  a  water-gauge  to 
keep  the  aspirators  at  all  the  stations  as 
nearly  as  possible  at  one  and  the  same 
speed. 
'^*'  A  set  of  absorbents  for  ammonia  and 

>id  ammonia,  which  are  estimated  together  as 
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ammonia,  is  thus  prepared.  The  glasses  having  been 
thoroughly  washed,  about  three  ounces  of  glass  beads 
{vide  Fig.  22)  and  some  twice  distilled  water  are  placed 
in  eacL  They  are  allowed  to  remain  in  the  water  for  a 
short  time  in  oi-der  that  any  impurities  adhering  to  the 
beads  may  be  removed  by  the  water.  The  distilled  water 
having  been  poured  off,  10  c.  c.  of  diluted  sulphuric 
acid,  and  70  c.  c.  of  distilled  water,  free  from  ammonia, 
are  introduced  in  the  following  proportions : — 

Dilate  Sulphuric  Acid.  Distilled  Water.  Glmss. 

5  c.  0.  .  .        30  a  a         in        No.  1 

3  a  c.  .  .         30  c.  c.        „  „     2 

2  c  c.  .  .         10  c.  c.        „  „     3 

The  roses  being  inserted,  the  set  of  absorbents  is 
attached  to  an  aspirator  for  48  hours,  in  which  space 
of  time  about  200  cubic  feet  of  air  are  passed  through 
this  dilute  sulphuric  acid.  At  the  end  of  this  time 
the  contents  of  the  glasses,  beads  included,  are  poured 
into  a  copper  flask  made  out  of  a  very  large  ball  cock, 
into  which  1 5  c.  c.  of  a  solution  of  carbonate  of  potash 
(240  grammes  in  a  litre  of  distilled  water)  has  been 
previously  poured.  The  washings  with  twice  distilled 
water  of  the  glasses  and  tubes  are  added,  so  as  alto- 
gether to  just  exceed  ^  litre.  The  copper  flask  is  then 
attached  to  a  condenser,  and  distillation  is  performed 
exactly  as  has  been  described  on  pages  38  and  40,  in  the 
analysis  of  water,  the  first  ^  litre  yielding  the  anmionia 
and  the  remaining  ^  litre,  after  the  addition  of 
50  c.  c.  of  the  caustic  potash  and  permanganate  of 
potash  solution,  furnishing  the  albuminoid  ammonia ; 
the  amount  in  each  case  being  estimated  by  a  standard 
ammonia  solution  precisely  as  has  been  there  indicated. 
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Manchester,  Dec.  2,  1876, 
dull,  damp  morning    . 

Ditto,  Dec.  4,  raining 

By  Shaking. 

Aapiration,  3  bottles. 

Milligramme  in  1  Cubic  Metre  of  Air. 

Free 
Ammonia. 

•093 

•  •  • 

Alb. 
Ammonia. 

•160 
•159 

Free 
Ammonia. 

•070     • 

•  •  • 

Alb. 
Ammonia. 

•063 
•124 

The  organic  matter  has  been  obtained  for  examina-  Mr.  a.  h. 
tion  from   air,   by  collecting  the     ^  y^U 

moisture  that  is  seen  to  attach 
itself  to  the  walls  and  windows  of 
crowded  ill- ventilated  halls,  which 
has  been  condensed  by  the  cold 
air  outside.  Mr.  A.  H.  Smee  * 
employs  a  glass  funnel  drawn  to  a 
point,  and  filled  with  fragments  of 
ice.  The  aqueous  vapour  in  the 
air  is  deposited  as  a  dew  on  the 
sides  of  the  funnel,  which  nms 
dovm  and  is  received  in  a  vessel 
underneath.  This  air  moisture,  in 
whatever  way  procured,  is  examined  for  nitrogenous 
compounds. 

The  process,  which  wUl  now  be  described,  is  pre- 
ferred by  me  to  all  that  have  yet  been  adverted  to : — 

1.  Because  it  is  the  most  rapid  £md  reliable  one  poiTwia- 

that  has  been  devised. 

2.  Because  the   air-washing  apparatus  required  is 

portable,  and  can  be  readily  carried  in  the 
hand  by  any  one  in  a  small  box. 


Fig.  25. 


tioD  of  water 
Method. 


*  Soc,  Science  Tranaaciions,  1875,  page  486. 
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2.  Two  stoppered  Woulfe's  wash-bottles,  of  a  ca- 
pacity of  about  130  c.  c. 

No  corks  should  be  employed  for  connections.  The 
tubes  are  stoppered  into  the  necks  of  the  wash- 
bottles. 

3.  A  stoppered  flask,  of  the  capacity  of  100  c.  c, 
with  a  mark  at  about  70  c.  c. 

4.  A  black  ^  oz.  india-rubber  baU,  to  which  a 
glass  tube,  drawn  to  a  fine  point  at  its  extremity,  is 
fitted.  The  point  is  protected  by  a  cap  formed  of  an 
inch  of  the  smallest  black  india-rubber  tubing,  sealed 
at  one  end. 

The  steps  of  the  process  are  as  follows : — 
The  several  parts  of  the  apparatus  having  been 
thoroughly  cleansed  in  the  laboratory  with  twice-dis- 
tilled water,  which  gives  no  colour  whatever  with 
Nessler  test,  by  the  aid  of  the  ball  injection  tube,  the 
several  parts  are  securely  attached  to  one  another. 
The  cylinder  with  its  spray  producer,  the  wash-bottles, 
the  ball  pump,  and  flask  filled  up  to  the  70  c.  c. 
mark  with  twice-distilled  water,  are  packed  in  a  small 
pnu^tically  air-tight  box,  and  conveyed  to  the  place,  be 
it  a  public  building  or  a  private  dwelling-house,  or 
some  marsh  land,  where  it  is  intended  to  make  an  air- 
washing. 

Pour  a  little  of  the  70  c.  c.  of  the  distilled  water 
contained  in  the  flask  into  the  glass  cylinder,  so  that 
when  inverted  its  level  may  be  just  below  the  jets  of 
the  spray  tubes.  Tlie  remainder  of  the  70  c,  c.  is 
poured  in  about  equal  proportions  into  the  two  wash- 
bottles. 

should  then  be  pumped  into  the  glass  cylinder 


--  .-*  *  -qpr.±^. 
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able  from  all  these  delicate  experiments.  Accordingly, 
it  is  necessary  to  know  the  average  amount  of  nitro- 
genous matter,  whether  in  the  form  of  ammonia  or 
albuminoid  ammonia,  which  is  present  in  the  air  in 
which  these  cleansings  are  made.  If  we  know  the 
average  experimental  error  which  occurs  when  blank 
experiments  are  made  in  our  laboratory,  there  is 
nothing  easier  than  to  make  the  necessary  deduction 
from  the  results  furnished  by  an  air-washing.  The 
average  experimental  error  of  manipulation  when  the 
preliminary  and  terminal  cleansings  of  the  apparatus 
are  made  in  my  laboratory  is  about  '006  of  albuminoid 
ammonia  for  a  cubic  foot  of  air,  a  quantity  which  is 
consequently  always  deducted  by  me  from  any  result 
obtained  from  an  air  analysis. 

The  contents  of  the  flask,  namely,  the  air  washings 
and  the  cleansings  of  the  cylinder  and  wash-bottles, 
are  analyzed  for  ammonia  and  albuminoid  ammonia  in  a 
manner  precisely  similar  to  the  mode  adopted  in  a 
water  analysis. 

A  small  stoppered  retort,  of  a  capacity  of  200  cub. 
cents,  connected  with  a  glass  Liebig's  condenser,  about 
18  inches  long  is  necessary. 

By  means  of  a  little  copper  basin,  containing  sand 
or  oil,  placed  on  a  large  ring  of  a  retort  stand,  heat  can 
be  applied  more  gently  than  with  a  naked  flame.  I 
often,  however,  use  the  naked  flame  with  the  chimney, 
as  figured  on  page  87.  The  retort,  condenser,  etc., 
should,  after  copious  ablutions  with  tap  water,  be  first 
thoroughly  washed  internally  by  distilling  through  the 
apparatus  some  twice-distilled  water.  The  100  c.  c.  of 
air-washings  contained  in  the  flask  should  then  be 
introduced  into  the  retort,  and  distillation  begun. 

u 
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A  dozen  test-glasses  that  will  stand  without  sup- 
port, about  4  inches  long,  and  ^th  inch  in  diameter, 


Fig.27. 


the  bases  of  which  have  no  colour,  should  have  been 
previously  marked  with  a  file  at  the  height  which  is 
reached   by   10   c.  c.  of  fluid.     No  corks  should  be 
used.     The  retort  and  condenser  can  be  united  by  a 
packing  made   of  a  strip  of  common  writing  papor. 
The  first  distillate  of  10  c.  c.  that  passes  over  should 
be  Nesslerized  by  introducing  into  it  ^  c.  c.  of  Nessler 
re-agent,  and   shaking  the  mixture.     We  should  not 
blow  into  the  pipette  so  as  to  mingle  the  contents 
of  the  Nessler  glass,  as  is   not  uncommon  in  water 
analysis.      The  second,  third,  and  fourth    distillates, 
each  of  10  c.  c,  may  be  thrown  away,  and  a  third  of 
the  quantity  of  ammonia  found  in  the  first  distillate 
be  added  as  in  water  analysis,  page  40.     The  con- 
tents  of  the  retort  are  then  to  be  allowed  to   cooL 
After  it  has  become  reduced  to  a  state  of  tepidity, 
10   c.  c.  of  the  solution  of  permanganate   of  potash 
and  caustic  potash  are  added,  and  the  distillation  again 
proceeded  with.     Eacih  of  the  three  distillates  should 
be  tested  with  ^  c.  c.  of  Nessler  re-agent,  and  then  the 
estimation  of  the  coloration  of  the  single   ammonia 
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distillate,  and  the  three  albuiuinoid  ammonia  distil- 
lates, should  be  made. 

A  burette  with  the  subdivisions  of  each  cubic  cen* 
timetre  widely  apart  is  necessary.  Mine  is  1  foot 
long,  and  ^th  inch  in  diameter,  and  with  it  -^^ths 
of  a  c.  c.  can  easily  be  read. 

The  very  dilute  standard  ammonia  solution  used  is 
half  the  strength  of  that  found  most  convenient  in 
water  analysis,  and  is  prepared  by  mixing  5  c  c.  of 
the  strong  standard  solution  of  ammonia  (1  milli- 
gramme of  ammonia  in  1  c.  c.)  with  995  c.  c.  of  twice- 
distilled  water.     Accordingly 

1  c  c  of  it  contains  "005  miUigtamme  of  ammonia. 

J  a  a  „  -0026         „  „ 

Ac^c  »  "OOIS         „  „ 

tVcc  „  -0006         „  „ 

It  is  necessary  to  make  up  standards  exactly  as  in 
water  analysis.  The  test-glasses  should  be  deansed 
with  twice-distilled  water  by  the  aid  of  the  pipette 
before  they  are  employed.  If  Gmelin's  wash-bottle  is 
used,  organic  impurities  from  the  breath  may  be  intro^ 
duced. 

The  test-glasses  contcdning  the  standards  and  the 
distillates,  the  colour  of  which  it  is  necessary  to  imi- 
tate, are  placed  on  a  sheet  of  white  paper.  It  is  often 
very  convenient  to  stand  them  in  a  common  test-tube 
rack.  The  dififerences  between  the  tints  of  each  -^i'^th 
of  a  c.  c.  of  the  very  dilute  standard  ammonia  solution 
are  distinguished  with  great  precision  by  one  who  has 
had  some  practice  with  these  delicate  analytical  ope^ 
rations. 

The  great  objection  to  the  employment  of  so  small 
a  quantity  of  air  as  one  cubic  foot  is,  that  the  experi- 
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that  has  united  with  the  carbonic  acid.  The  process 
is  conducted  thus : — ^A  large  glass  vessel  is  taken  of 
known  capacity  (1  oz.  =  1*733  cubic  inches).  The 
air  to  be  examined  is  pumped  into  it,  or  the  air  con- 
tained in  it  is  drawn  out  (so  ensuring  the  admission 
of  fresh  air),  by  a  hand  bellows.  The  causticity  of  the 
lime  water  to  be  used  in  the  experiment  is  first  ascer- 
tained by  mixing  with  it  a  certain  measured  quantity, 
say  30  c.  c.  of  a  solution  of  oxalic  acid  to  neutralize  it 
The  oxalic  acid  solution  is  made  of  such  a  strength 
that  1  c.  c.  will  exactly  neutralize  1  milligramme  of 
lime.  Turmeric  paper  is  employed  for  noting  the  exact 
point  of  neutralization.  The  stain  produced  on  the 
turmeric  paper  when  there  is  an  excess  of  lime  is  of  a 
dark  brown  colour,  which  becomes  paler  as  the  oxalic 
acid  solution  is  added.  As  soon  as  the  mixture  ceases 
to  give  a  brown  stain  the  neutralization  is  effected. 
The  same  quantity  of  lime  water,  namely,  30  c.  c.,  is 
placed  in  the  bottle  of  air  to  be  examined,  and  is 
shaken  with  it,  and  is  allowed  to  remain  in  it  for  not 
less  than  six  or  eight  hours,  at  the  end  of  which  time 
the  causticity  of  the  lime  water,  or,  in  other  words,  the 
quantity  of  oxsdic  acid  solution  required  to  bring  it  to 
the  point  of  neutralization  is  determined.  The  caus- 
ticity of  the  lime  water  that  has  been  exposed,  and 
that  has  not  been  exposed,  to  the  air  operated  upon 
being  known,  the  difference  will  furnish  us  with  the 
amount  of  lime  that  has  become  united  with  carbonic 
acid.  From  this  datum  the  percentage  of  carbonic 
acid  in  the  air  under  examination  is  easily  calculated. 
Corrections  have  to  be  made  for  temperature  and  baro- 
metric pressure.  This  process  is  fully  described  in 
Parkes'  Eygiene  (fifth  edition). 
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wanwyn'i  Another  good  method,  proposed  by  Wanklyn,  based 

Method.  ^^  ^j^^  same  principle,  is  to  make  a  standard  by  dis- 
solving 4*74  grammes  of  dried  carbonate  of  soda  in 
one  litre  of  water — a  solution  which  contains  a  cubic 
centimetre  of  carbonic  acid  (==  1*97  milligrammes  of 
carbonic  acid)  in  every  c.  c.  of  liquid. 

A  bottle  capable  of  holding  2000  cubic  centimetres 
of  air,  or,  failing  one  of  exactly  the  right  capacity,  a 
stoppered  Winchester  quart  bottle,  having  been  washed 
clean,  is  rinsed  with  distilled  water  and  allowed  to 
drain.  It  is  filled  with  the  air  to  be  tested  by  sucking 
out  the  air  of  the  bottle  with  a  glass  tube,  or  with  a 
bellows,  like  that  in  fig.  20,  when  air  from  without 
immediately  takes  its  place.  100  c.  c.  of  baryta  water 
are  introduced,  and  the  bottle  is  shaken  for  two  or 
three  minutes.  The  baryta  water,  on  being  poured  out 
into  a  glass  cylinder,  is  found  to  be  more  or  less  tur- 
bid, being  slightly  so  if  the  air  is  good,  and  like  rnillr 
if  it  is  very  impure.  We  then  proceed  to  imitate  the 
degree  of  turbidity  in  the  following  manner: — The 
standard  soda  solution  is  measured  by  drawing  out  the 
number  of  c.  c.  required  from  a  burette  graduated  to 
deliver  tenths  of  a  cubic  cent  of  solution.  We  take 
100  c.  c.  of  baryta  water  and  introduce  into  it  1  c.  c. 
of  soda  solution.  If  the  turbidity  thus  occasioned  is 
about  equal  to  the  turbidity  produced  in  the  100  c.  c 
of  baryta  water  by  the  air  under  examination,  we  know 
that  the  air  contains  '05  voL  of  carbonic  acid  per  cent. 
If  two  c.  c,  or  more  than  two,  are  required  to  imitate 
the  turbidity  occasioned  by  the  air,  the  air  is  bad  and 
ventilation  is  defective. 

Dr.  Notter  advocates  the  trial  of  the  delicate  pro- 
cess of  Capt  Abney,  which  is  thus  described  in  the  Sani- 
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tary  Record,  Sept.  9th,  1876  : — ^"  A  Florence  flask  of 
known  capacity  is  fitted  with  a  stopper,  and  into  the 
stopper  is  inserted  an  U  tube  half  filled  with  spirit, 
which  may  be  coloured  with  any  convenient  pigment, 
also  a  smaller  tube,  bent  at  right  angles,  and  drawn 
out  to  about  twelve  inches  from  the  flask.  A  small 
bulb  of  very  thin  glass,  made  by  heating  to  redness  the 
end  of  a  test  tube  and  blowing  it,  is  constructed,  and 
this  is  filled  with  a  saturated  solution  of  caustic  potash, 
and  sealed  by  the  flame  of  a  gas  get ;  several  of  these 
can  be  made  at  the  same  time,  and  put  by  for  future 
experiments.  Our  flask  is  now  taken  into  the  room, 
the  air  of  which  we  wish  to  examine,  and  one  of  the 
small  bottles  containing  the  caustic  alkali  carefully 
placed  in  the  bottom,  and  air  blown  in  by  a  bellows. 
The  flask  is  allowed  to  remain  imdisturbed  for  some 
time,  say  half  an  hour,  to  acquire  the  temperature  of 
the  air  in  the  room.  The  U  tube  should  have  appended 
to  it  a  scale  of  half  an  inch  or  less ;  this  can  be  made 
of  paper  and  pasted  on  the  bjwk.  When  the  flask  has 
acquired  the  temperature  of  the  room,  the  long  thin 
glass  tube  is  sealed  by  dipping  it  into  parafiin  or  wax. 
The  spirit  in  the  U  tube  should  then  stand  on  the 
same  levels.  The  flask  is  then  taken  and  jerked  sud- 
denly, so  as  to  smash  the  little  bulb  within  it  This 
sets  free  the  caustic  potash,  which  absorbs  the  carbonic 
acid,  and  causes  a  partial  vacuum  in  the  flask,  depend- 
ing on  the  amount  of  carbonic  acid  present,  the  result 
being  that  the  spirit  in  the  U  tube  is  depressed  on  one 
side.  The  difference  in  the  reading  will  give  the 
difference  in  pressure  due  to  the  absorption  of  the  gas, 
and  from  this  can  be  easily  calculated  the  amount  of 
carbonic  acid  present  in  the  flask. 
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Simpler,  bnt  somewhat  less  accurate,  modes,  called 
the  household  aod  minimetric  processes,  which  are 
sufficiently  exact  for  all  practical  purposes,  have  been 
proposed  by  Dr.  Angus  Smith.* 

The  outside  air  contains  an  amount  of  carbonic  acid, 
varying  between  -03  and  '06  per  cent,  but  is  moat 
frequently    -04   per    cent,  which    rises    in    crowded 


Plg.W. 

buildings  and  other  close,  ill-ventilated  places  to  -25 
per  cent  The  way  to  estimate  the  amount  roughly  is 
to  wash  different  measured  quantities  of  air  with  ^  oz. 
of  lime  water  in  such  bottles  as  are  here  depicted. 
The  lime  water  is  prepared  by  slaking  lime  with  water, 
stirring  the  slaked  lime  with  the  water,  and  then  allow- 
ing the  lime  to  subside.  The  clear  fluid  is,  after  1 2  or 
24  hours,  poured  off,  and  is  ready  for  use.  A  table 
has  been  prepared  te  facilitate  the  use  of  this  plan : — 

*Op.eil. 
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Rib  or  Bottlb. 
Ounces. 

20-6     . 

Pol 

Liiffc  Wathu 
Int  of  observation  Is 

rbonic  Acid  in  sir 
percent 

•03 

15-6     . 

•04 

12-6     . 

•06 

10-6     . 

•06 

91     . 

•07 

8-0     . 

•08 

7-2     . 

•09 

6-6     . 

•10 

60     . 

•11 

6-6     . 

•12 

6-1     . 

•13 

4-8     . 

•14 

4-5     . 

•16 

3-6     . 

•20 

2-9     . 

•26 

2-5     . 

•30 

2-0     . 

•40 

1-7     . 

•60 

1-5     . 

•60 

1-3     . 

•70 

1-2     . 

•80 

The  rule  to  remember  is  that  the  air  around  houses 
generally  contains  about  '04  per  cent  of  carbonic  acid, 
and  that  our  rooms  should  always  be  kept  so  that  a 
10^  oz.  bottle  full  of  air,  when  shaken  with  ^  oz.  of 
lime  water,  gives  no  precipitate.  We  then  know  that 
the  air  does  not  contain  more  than  '06  per  cent.  It 
is  often  difficult  to  keep  the  air  of  a  room  below  •07. 
If  a  precipitate  is  observed  we  know  that  the  air 
does  contain  more  than  '06  per  cent,  and  we  take  a 
smaller  bottle,  say  a  9  oz.  bottle,  the  air  of  which, 
when  shaken  with  ^  oz.  of  lime  water,  gives,  perhaps, 
no  precipitata  We  then  say  the  air  is  worse  than  '06, 
and  not  worse  than  *07;  accordingly,  the  amount  must 


t 


300  CHEMICAL  EXAMINATION  OF  AIB. 

roughly  be  '07.  If  we  wish  to  test  the  air  as  expe- 
ditiously as  possible,  and  are  not  particular  to  ascertain 
the  exact  percentage,  we  may  take  a  bottle  of  a  size 
indicative  of  alternate  hundredths.  Instead  of  taking 
a  9  oz.  bottle  we  may  take  an  8  oz.,  and  treat  8  oz.  of 
air  in  the  same  manner.  If  we  obtain  no  precipitate 
we  know  that  the  air  is  not  worse  than  '08  per  cent 
Having  already  ascertained  that  the  air  is  worse  than 
•06  we  conclude  that  the  air  is  contaminated  with  '07 
or  '08  per  cent  of  carbonic  acid. 

If  no  turbidity  is  occasioned  on  commencing  with 
our  10^  oz.  bottle,  and  we  would  like  to  know  whether 
the  air  contains  as  much  as  '06  per  cent,  we  must  take 
a  larger  quantity  of  air,  for  example  a  12^  oz.  bottle. 
If,  when  this  quantity  of  air  is  shaken  with  ^  oz.  of 
lime  water,  no  precipitate  is  procured,  we  know  that 
the  air  does  not  possess  more  than  '05  per  cent,  and 
if  a  precipitate  is  occasioned,  we  know  that  '06  per 
cent  is  the  amount. 

The  air  to  be  examined  is  best  introduced  into  the 
bottles  by  sucking  out  the  air  already  contained  in  them 
with  a  glass  tube.  Fresh  air  enters  to  supply  the  void 
we  create.  The  greatest  care  should  be  taken  not  to 
breathe  into  the  bottle,  for  our  breath  is  full  of  car- 
bonic acid.  The  bottles  should  be  wide-mouthed,  so 
that  the  sides  can  be  wiped  dry  and  clean.  If  the 
lime  cannot  be  readily  removed,  they  should  be  rinsed 
out  with  strong  hydrochloric  acid,  followed  by  an 
abimdance  of  water.  There  is  great  difl5culty  in  ob- 
taining bottles  of  exactly  the  capacity  required,  but 
this  could  be  overcome  if  there  was  any  demand  for 
such  measures,  by  the  special  manufacture  of  bottles 
'  to  hold  accurately  the  quantities  of  air  indicated. 
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Minimetric  Method. — ^Xhis  method  is  more  accurate,  kioIimmi 
and  inTolving  but  few  tools,  which  can  be  conveoiently  "•**'*■ 
disposed  of  in  one's  pocket,  is  more  haudj.  It  consists 
essentially  in  ascertaining  the  smallest  or  minimum 
amount  of  air  reqtiired  to  produce  a  precipitate  of 
given  density — hence  the  name.  Baryta  water,  which 
is  very  poisonous,  is  employed,  because  it  is  more  sen* 
sitire  than  lime  water.  A  standard  precipitate  is  ob- 
tained by  shaking  J  ounce  of  baryta  water  in  a  23  oz. 
botUe  in  pure  air,  which  generally  contains  '04  per 
cent  of  carbonic  acid.  The  liquid  is  turbid  and  still 
translucent,  but  so  that  you  cannot  read  through  it 
The  endeavour  is  to  ascertain  the  smallest  amount  of 
Uie  air  to  be  tested  which  is  necessary  to  produce  this 
standard  degree  of  turbidity.  We  take  a  bottle  which 
holds  exactly  2^  oz.,  and  place  in  it  ^  oz.  of  baryta 
water,  having  first  changed  the  air  in  the  bottle  by  a 
few  strokes  of  the  linger  pump ;  we  then  shake  the  2 
oz.  of  air  contained  in  the  bottle  with  the  -^  oz.  of 
baryta  water,  and  count  one. —  Vide  fig.  30. 


Fls.Bat 

We  then  pump  2  oz.  ol  air  through  the  liquid  and 
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again  shake  violently  and  count  two.  When  the  tur- 
bidity is  such  that  the  words  written  on  the  slip  of 
paper^  afiSxed  to  the  outside  of  the  bottle  become  in- 
distinguishable, we  stop,  and  refer  to  a  table  that  has 
been  prepared  to  economize  the  labour  of  calculation. 


YohuDM  of  Carbonic  Acid 

Number  of 

in  100  of  air. 

bftUftils 

With  S  01. 

With  1  OS. 

of  air. 

baU. 

1 

•44 

2 

•22 

8 

•14 

4 

•11 

6 

•088 

6 

•074 

7 

•068 

8 

•066 

9 

•049 

10 

•044 

•17 

11 

•040 

•16 

12 

•087 

•14 

18 

•084 

•18 

14 

•082 

•12 

16 

•029 

•116 

16 

•  •  • 

•11 

17 

•  •  • 

•10 

18 

•  •  • 

•098 

19 

•  •  • 

•098 

20 

•088 

21 

... 

•084 

22 

•  •  • 

•08 

28 

•  •  • 

•077 

24 

•  ■  • 

•074 

The  i  oz.  baU  enables  us  to  estimate  greater  degrees  of 
impurity  than  the  2  oz.  one. 

When  the  air  of  a  place,  which  it  is  wished  to  test, 

*  The  words  written  with  a  lead  pencil  on  the  label  must  be  of  such 
a  depth  of  shade  that  the  turbidity  of  the  standard  liquid  just  preyenta 
them  from  being  seen. 
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feels  close  on  firat  entering,  I  use  the  2  oz,  bottle,  and 
if  very  close  I  employ  the  ^  oz.  ball  and  bottle. 

Ab  the  8ilk  valves 
are  rather  liable  to  ' 
get  out  of  order,  I 
dispense  with  them, 
and  simply  moke  a 
slit  in  the  tube  con- 
necting the  ball  and 
bottle,  which  allows 
of  the  expulsion  of 
air,  but  prev  ents  its  in- 
gress,—Pirfe  fig.  31.  ....... 

A  weak  solution  of  baiyta  (-1  to  5  per  cent,  the 
exact  strength  being  unimport- 
ant) is  employed,  which  is  made 

by  dissolving  caustic  baryta  in  Bi 

distilled  water.  It  must  be 
stored  in  such  a  way  that,  on 
removing  portions  of  It,  air  un- 
deprived  of  carbon  dioxide  shall 
not  enter  the  store  bottle. 
The  arrangement  here  sketched, 
which  is  in  constant  use  in  the 
Board  of  Health  Laboratory, 
Glasgow,  and  is  to  be  found  in 
Sutton's  Volumetric  Analysis,  is  "g.  s*. 

a  most  convenient  one  for  with-  a.  aion  botiu  eonunung  loia- 
drawing  any  (juantities  that  are  b.  r  tub*  mioi  -ith  mgrnnu 
required  of  bnnta  water,  or,  in-        "^  pumice  •tone  inauum«i 

^  •'  '  with  cAuitIc  poCAib.  throng 

deed,  of  other  standard  solutions,        wui^b  tir  puK*  tn  order  u 

insuch  a  manner  thatoirenterinc  „  = ''"^""JllT  1^"!"    

is  freed  from  whatever  body  the        muincr  thit  li  MqoitM. 
contained  solution  is  designed  to  Bga  BiiIuadii-nibbertBbei. 
extract  irom  it. —  Vide  fig.  32.     *■■  c"i^ 

°  a.  Rod  or  UTi'iart  (d  bni^tt* 
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It  will  be  found  very  handy  to  have  a  dozen  ^  oz. 
stoppered  bottles  with  wide  mouths,  and  to  fill  them 
from  this  store  bottle.  It  is  needful  to  carry  a  stop- 
pered and  capped  bottle  of  hydrochloric  acid  to  clean 
the  little  apparatus  after  each  experiment,  before  it  is 
washed  thoroughly  with  water. 

In  the  air  of  a  room  which,  at  first  pure,  is  gradu- 
ally vitiated  by  the  presence  of  persons,  the  smell  of 
organic  matter  begins  to  be  perceptible  to  one  entering 
it  from  the  fresh  air  when  the  carbonic  acid  reaches 
•06  or  '07  per  cent.  When  the  carbonic  acid  amoimts 
to  "09  or  '1  per  cent,  the  air  is  termed  "close"  or 
"  stuffy."  The  foetid  odour  of  organic  matter  becomes 
very  disagreeable  when  the  carbonic  acid  exceeds  •! 
per  cent. 

When  the  carbonic  is  as  much  as  from  '15  to  '3  per 
cent,  headache  and  vertigo  are  experienced,  as  the  result 
of  the  vitiation  of  the  air  by  this  gas  and  its  accom- 
panying impurities. 

When  people  speak  of  good  ventilation,  they  mean 
air  with  less  than  '07  per  cent. 
Deletion  of  A  rough  and  ready  mode  of  detecting  the  presence 
Sulphide,  of  hydrogen  sulphide  in  the  air,  which  is  a  gas  produced 
Ammo^am  jjj  ^}^q  decay  of  Organic  matter — for  example,  in  some 
And '  marshes,  in  sewer  gas,  etc.,  is  by  means  of  acetate  of 
^^^''^    lead  papers. 

Ammonium  sulphide,  which,  with  hydrogen  sul- 
phide,  is  a  constituent  of  sewer  gas,  is  detected  by 
nitro-prusside  of  sodium  tests.  Ammonia,  a  product  of 
putrefaction  and  decomposition,  is,  if  in  large  amount, 
observed  by  means  of  logwood  papers. 
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CHAPTER  XXVIII. 

METALLIC  POISONS  : ^ABSENIC,  COPPER,  AND  LEAD. 

Copper  and  lead  are  sometimes  foimd  in  the  air  in  copper  «!& 
the  neighbourhood  of  smelting  works,  etc.  The  deter- 
mination of  the  amount  of  these  metals,  which,  when 
diffused  through  the  air,  exercise  injurious  effects  on 
animal  and  vegetable  life,  fall  rather  within  the  scope 
of  those  legislative  enactments  that  concern  the  con- 
tamination of  the  air  by  manufactories,  such  as  the 
Alkali  Act  of  1863,  under  which  scientific  chemists 
are  appointed  as  inspectors.  The  human  system  itself, 
when  continually  exposed  to  the  poisonous  influences  of 
copper  and  lead,  affords  an  excellent  test  of  an  exposure 
to  an  injurious  amount  in  the  case  of  those  who  work 
with  these  metals,  such  for  instance  as  miners  in  copper 
mines,  or  painters.  The  effects  on  the  body  of  these 
metals,  even  in  the  smallest  doses,  are  so  well  known  to 
ev.ery  physician,  that  he  requires  but  little  chemical 
aid. 

It  is  different  in  the  case  of  arsenic,  for  the  effects 
of  the  metal  give  rise  in  minute  doses  to  such  obscure 
and  incomprehensible  symptoms,  of  such  great  variety, 
that  they  often  cannot  be  assigned  to  tiieir  rightful 
cause  without  chemical  assistance. 

A  description  of  the  several  poisonous  colours  used 
to  tint  the  cheeks,  the  hair,  etc.,  to  avert  the  appearance 
of  old  age  and  to  dye  articles  of  wearing  apparel,  will 
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not  fall  within  the  province  of  this  work,  because  they 
exert  their  poisonous  efTects  by  coming  into  contact 
with  the  skin.  Arsenic,  mercury,  lead  in  the  form  of 
magenta,  coraline,'*^  and  other  of  the  new  dyes,  are  some 
of  the  most  common  poisons  thus  used. 

The  receipt  of  injury  from  the  poisoning  of  the  air 
by  burning  arsenical  tapers,  so  rarely  happens,  that  we 
need  scarcely  delay  to  consider  it. 
mioia  Instances  of  the  terrible  suffering,  misery,  and  even 

ip^pw*  death,  that  have  occurred  from  the  use  of  arseniccd  wall 
papers,  from  the  preparation  for  sale  of  feathers,  artificial 
flowers,  leaves,  fruit,  etc.,  swarm  in  medical  publications. 
The  poisonous  greens,  such  as  Scheele's,  Schweinfurth's, 
Brunswick,  Emerald,  Paris,  which  are  all  confounded 
together  by  work  people,  are  used  in  enormous  quanti- 
ties, partly  because  they  are  very  attractive  in  appear- 
ance and  partly  because  they  are  cheap.  Kot  less  than 
700  tons  of  these  deadly  greens  are  consiuned  in  trade 
annually  in  this  coimtry.  Many  wall  papers  that  are  not 
green  are  loaded  with  arsenic,  especially  pale  or  white 
drawing-room  papers,  with  an  enamelled  or  oped  white 
ground,  which  have  yielded  15  to  25  grains  of  arsenic 
per  square  foot.  Mr.  Wigner,  on  recently  examining 
samples  of  all  the  papers  in  a  ten-roomed  house,  none 
of  which  were  green,  discovered  that  five  of  them  con- 
tained arsenic  in  such  quantity  as  to  be  injurious  to 
health. 

The  medical  ofi&cer  of  health,  in  his  inquiries  after 
the  causes  of  vague  and  obscure  forms  of  iUness,  may 
often  have  occasion  to  examine  the  air  of  rooms 
poisoned  by  arsenic  papers  and  furnishing  materials. 

*  Bulletin  de  VAecuUmie  ImpericUe  de  Medicine,   February  and 
March  1869. 
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The  pubUc  wiU  not  imfrequently  bring  him  portions  of 
wall  paper  with  which  their  rooms  are  adorned,  in  order 
that  he  may  examine  them  and  express  an  opinion  there- 
on. It  is  as  well,  therefore,  for  him  to  be  acquainted  with 
a  simple  means  of  testing  for  arsenic,  not  only  to  aid 
him  in  his  own  investigations,  but  to  assist  the  public 
and  their  medical  attendants.  If  it  is  wished  to  ascer- 
tain whether  a  paper  does  or  does  not  contain  arsenic, 
the  paper  is  scraped  with  a  pen-knife,  and  the  dust 
that  is  removed  is  tested.  If  we  desire  to  find  out 
whether  particles  of  dust  have  detached  themselves 
from  the  paper,  and  poisoned  the  air  of  the  room,  the 
dust  that  lies  on  the  articles  of  furniture  may  be 
collected  for  examination.  The  dust  of  the  paper,  in 
whatever  way  obtained,  is  mixed  with  an  equal  bulk 
of  bicarbonate  of  soda  (dried  over  a  spirit  lamp)  and 
a  little  powdered  charcoal.  The  mixture  is  placed  in 
a  dry  test  tube  and  heated.  If  arsenic  is  present,  the 
characteristic  odour 
of  garlic  is  perceived, 
and  a  mirror  of  me- 
tallic arsenic  is  ob- 
tained as  a  ring  on 
the  sides  of  the  tube. 
If  the  test  tube  is 
large,  so  as  to  allow 
of  free  access  of  air, 
octahedral  crystals  of 
arsenious  acid,  easily  recognised  by  the  microscope,  will 
be  found  instead  of  the  mirror.  Beinsch's  test  may 
be  employed  to  show  the  presence  of  arsenite  of  copper 
in  a  paper.  The  paper  having  been  soaked  in  a  solution 
of  ammonia,  which  will  dissolve  the  arsenite  of  copper 


Fig.  83. 
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fonning  a  blue  liquid,  is  acidified  with  hydrochloric 

acid  and  then  boiled  in  a  test 

tube  Tith  one  or  two  strips  of 

brilliant    untarnished    copper. 

The  copper  is  washed,  dried  on 

filter  paper,  and  heated  in  a 

small  test  tube  over  a  Bunsen's 

burner  or    spirit  lamp,  when 

arsenions    acid    in    oct^edral 

crystals,  readily  diagnosed   by 

'X-  •*-  the  microscope  {vide  Fig,  34), 

will  be  deposited  in  the  cool  part,  of  the  tube,  if  the 

paper  contains  arsenic. 

Or  the  green  colouring  matter  may  be  scraped  off 
the  paper  and  dissolved  in  pure  hydrochloric  acid  and 
water,  and  examined 
by  Marsh's  test. 
Granulated  zinc,  or 
zincfoil  infi^menta, 
are  introduced  into  a 
flask  withsome  water, 
and  a  little  pure  sul- 
phuric acid  is  poured 
down  the  funneL  A 
few  minutes  should 
be  allowed  to  elapse 
for  the  removal  of 
all  the  air  from  the 
flask.  The  gas  evol- 
ved should  then  be 
collected  in  a  test 
tube,  and  a  lighted 
flTf™  .M.  °°*  ™***^  ^  applied  to 
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the  tube  to  ascertain  whether  a  mixture  of  hydrogen 
and  atmospheric  air  is  escaping,  or  whether  hydrogen 
is  alone  given  oS.  If  air  is  still  being  expelled  from 
the  apparatus  the  gas  in  the  test  tube  on  being  lighted 
will  explode  harmlessly.  The  gas  escaping  at  the  jet 
should  on  no  account  be  ignited  until  two  or  three  of 
these  trials  have  been  mada  When  the  gas  collected 
in  the  test  tube  does  not  explode,  it  is  safe  to  light  the 
jet  Having  ascertained  the  purity  of  the  chemicals 
employed,  by  depressing  a  piece  of  porcelain  on  the 
flame,  the  solution  of  the  green  colouring  matter  may 
be  passed  down  the  tube  funnel  and  the  flame  again 
tested.  If  it  consists  of  arsenic  there  will  be  a  dark 
mirror  of  arsenic  deposited  on  the  porcelain. 

If  it  is  wished  to  ascertain  the  amount  of  arsenious 
acid  (the  common  white  arsenic  of  commerce)  contained 
in  a  paper,  a  rough  estimate  may  be  easily  formed. 
If  the  pattern  of  the  paper  consists  of  groups  of  green 
leaves,  as  is  often  the  case,  scrape  off  all  the  green 
arsenite  from  a  single  leaf  and  weigh  it  The  number 
of  leaves  in  each  square  foot  of  surface  of  the  paper 
having  been  counted,  and  the  dimensions  of  the  room 
having  been  taken,  the  nimiber  of  leaves  in  the  room 
is  easily  ascertained.  If  the  green  colouring  matter  is 
equally  distributed  over  the  surface  of  the  paper  a 
square  inch  of  the  paper  should  be  operated  on  in 
place  of  a  single  leaf.  A  measurement  of  the  room 
will  readily  give  the  number  of  square  inches  of  surface. 
Two  or  three  green  leaves  of  a  wall  paper  were  recently 
sent  to  me  with  the  request  that  I  would  ascertain 
whether  the  green  pigment  contained  arsenic,  and,  if  so, 
the  quantity  of  the  same.  It  had  been  estimated  by  the 
applicant  that  there  were  about  2  2,8  00  leaves  in  the  room. 
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All  the  green  colour  having  been  scraped  off  from 
a  single  leaf,  by  the  help  of  a  penknife,  was  found  to 
weigh  16  milligrammes. 

Anenite  of  Copper.  Aneniooa  Acid. 

2  Co.  O.,  H  a,  Ab,  0,  As,  0, 

376  :    16     :     :  198 

16 


1188 
198 
Anenions  Acid. 


375  I  3168  I  8 
J  3000  I 


To  convert  the  8  milligrammes  of  arsenious  acid  into 
fractions  of  a  grain,  a  weight  that  is  more  readily 
understood  by  the  public,  it  is  simply  necessary  to 
multiply  by  15*5  and  divide  by  1000. 

Milligram.  Milligram.         Grs.  in  1  gramme. 

1000  :     8  :     :     16-6 

8 


/^ 


1000)124-0(-124 

Ans.  One  leaf  contains  *124  of  a  grain,  which  is 
equivalent  to  124  grains  of  white  arsenic  in  every 
1000  leaves,  or  nearly  6  ounces  in  the  room. 

It  is  always  wise  to  perform  a  blank  experiment,  in 
order  to  be  perfectly  certain  that  the  chemicals  em- 
ployed are  quite  free  from  the  metaL 

Some  wall  papers  contain  compounds  of  lead  and 
copper  (non-arsenical),  but,  although  their  employment 
is  undesirable,  we  have  but  little  evidence  at  present 
which  would  forbid  their  use. 
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INDIRECT  METHOD. 


CHAPTER    XXIX. 

OZONOMETKY. 

The  whole  subject  is  so  vast  that  it  is  extremely  ovme. 
difficult  to  know  how  to  concentrate  it  without  omit- 
ting salient  points  of  great  interest. 

Ozone  is  condensed  oxygen,  or  a  very  active,  lively, 
and  energetic  form  of  this  Ufe-giving  gas.  Its  object 
in  nature  is  to  destroy,  or,  to  speak  more  correctly,  to 
render  harmless  by  oxidation  all  ofiTensive  noxious 
products  that,  if  permitted  to  accumulate,  would  pro- 
duce disease  and  kill  life. 

Take,  for  example,  a  little  blood,  and  keep  it  in  a 
warm  place  for  months,  until  it  putrefies.  When  the 
odour  is  something  horrible,  sufficient  indeed  to  create 
nausea,  or  sickness,  send  a  stream  of  ozone  over  it,  and 
its  freshness,  purity,  and  sweetness,  will  be  restored. 
Neither  ozone  nor  the  other  air  purifiers  are  to  be  found 
in  the  air  of  unventilated  inhabited  rooms  or  hospitals 
unless  the  windows  are  open,  being  speedily  used  up, 
and  not  replaced  as  they  should  be  by  the  admission  of 
fresh  air,  which  nearly  always  contains  them  in  greater 
or  less  quantity. 

Ozone  can  be  prepared  in  a  great  variety  of  ways. 
It  is  perhaps  most  conveniently  made  by  mixing  three 
parts  of  sulphuric  acid  with  two  parts  of  permanganate 
of  potash.    This  mixture  will  continue  to  give  off  ozone 
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for  several  months.  It  is  associated  in  the  air  with 
other  purifying  agents,  such  as  peroxide  of  hydrogen 
and  acids  of  nitrogen.  Peroxide  of  hydrogen,  called  also 
oxygenated  water,  is  produced  by  a  combination  of  the 
oxygen  of  the  air  with  water.  It  is  found  sometimes  in 
rain  and  snow.  It  also  is  a  powerful  oxidizing  agent,  for 
it  very  freely  parts  with  its  excess  of  oxygen.  Its  oxidiz- 
ing powers  render  it  useful  for  bleaching,  as  it  attacks 
vegetable  colours  vigorously.  Young  ladies  used  to 
purchase  it  for  bleaching  their  hair,  under  the  name  of 
*'auricomus,"  when  it  was  the  fashion  for  every  one  to  ex- 
hibit flaxen  locks.  It  so  readily  parts  with  its  oxygen 
that  a  temperature  of  68°  F.  is  sufficient  to  disengage  it, 
the  warmth  of  the  hand  to  the  bottle  which  holds  it 
being  often  dangerous.  Nitrous  acid  is  a  product  of  the 
thunderstorm,  and  is  produced  whenever  an  electric 
spark  passes  through  air.  It  is  one  of  the  most  valu- 
able gaseous  disinfectants  and  deodorizers  known.  It 
acts  most  energetically  on  organic  impurities,  removing 
the  unpleasant  odours  of  the  dead-house  more  readily 
(so  it  is  said)  than  any  other  gas.  This  rapid  action 
arises  from  the  facility  with  which  it  gives  up  its 
oxygen.  For  deodorizing  purposes,  it  is  made  by 
mixing  nitric  acid  and  water  with  copper  turnings.  It 
is  used  more  on  the  continent  than  in  this  country. 
The  amount  of  ozone,  peroxide  of  hydrogen,  and  nitrous 
acid,  which  are  all  powerful  air  purifiers,  are  measured 
by  exposing  to  the  air  paper  dipped  in  a  solution  of 
iodide  of  potassium.  They  all  have  the  property  of 
breaking  up  this  salt  and  setting  free  the  iodine,  which 
gives  the  paper  a  reddish  brown  colour,  of  greater  or 
less  depth,  according  to  the  amount  of  these  disinfec- 
tants present  in  the  air  during  the  time  of  its  exposure. 
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Sometimes,  instead  of  all  the  iodine  being  set  free,  some 
of  it  goes  to  form  a  higher  oxide  of  potassium,  called 
the  iodate  which  is  a  colourless  salt.  It  is  therefore 
always  necessary  to  spray  these  tests  after  exposure 
with  a  solution  of  tartaric  acid  which  sets  free  the 
iodine  from  the  iodate,  but  does  not  interfere  with  the 
unacted  upon  iodide  of  potassium.  We  are  then  sure 
of  obtaining  all  of  the  iodine  set  at  liberty  by  the  air 
purifiers.  If  we  wish  to  ascertain  the  amount  of  ozone 
present  in  the  air  to  the  exclusion  of  the  other  air 
purifiers,  we  employ  a  paper  which  is  al<me  acted  upon 
by  ozone,  such  as  the  iodized  litmus  paper.  With 
this  test  we  do  not  take  any  notice  of  the  amount  of 
iodine  set  free,  but  we  observe  the  amount  of 
potash  formed  by  the  union  of  the  ozone  with  the 
potassium.  Potash,  being  an  alkali,  of  course  has  the 
property  of  turning  red  litmus  blue,  whilst  an  acid 
turns  blue  litmus  of  a  red  colour.  The  greater  or  less 
conversion  of  the  red  litmus  into  blue,  shows  a  greater 
or  less  quantity  of  ozone  in  the  air. 

Scales  have  been  prepared  for  estimating  the  depth 
of  colour  of  the  iodine  papers  in  testing  the  amount 
of  the  three  air  purifiers,  and  of  the  iodized  litmus 
papers  for  showing  the  amount  of  ozona 

It  was  formerly  the  practice  to  employ  starch  tests,  lodiwi 
which  are  composed  of  a  mixture  of  iodide  of  potassium  TMti. 
and  boiled  starch,  which  became  blue  on  exposure  to 
the  air  from  the  formation  of  the  blue  iodide  of  starcL 
There  are  many  different  kinds,  which  may  be  looked 
upon  now  as  curiosities ;  for  example,  Schonbein's^ 
Lowe's,  Jame  de  Sedan's,  Lender's,  Moffat's,  etc.  They 
are  all  more  or  less  disposed  to  play  mad  pranks ;  now 
they  colour,  then  they  bleach ;  sometimes  they  tint  in 
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a  uniform  maimer ;  at  other  times  they  become  marked 
with  lines  like  a  Scotch  plaid,  or  with  spots ;  whilst 
they  very  frequently  fade.  Hence  the  records  of  ob- 
servations appear  most  contradictory,  forming  a  mass 
of  almost  inextricable  confusion.  In  support  of  this 
assertion,  the  opinions  of  a  few  who  have  made  ozone 
a  subject  of  study  may  be  quoted : — 

"At  the  present  time  tlie  modes  of  determining 
ozone,  and  the  tests  for  ozone  in  the  external  air  are 
very  unsatisfactory." — Br,  Richardson, 

"  The  greater  part  of  the  countless  observations  on 
the  amount  of  ozone  in  the  air  are  worthless." — 
Professor  Heaton. 

"The  determinations  which  have  hitherto  been 
made  are  very  vague  and  unsatisfactory."  —  Dr. 
Wetherill 

"  Tests  prepared  from  the  same  recipe,  by  different 
persons,  give  varied  results." — Boehm. 

"  If  we  expose  the  tests  of  Schonbein  and  Moffat 
together  we  do  not  get  the  same  result,  and  even  tests 
made  by  the  same  persons  at  two  different  times  will 
not  read  alike." — Mr.  Lowe,  of  NoUingham, 

"  All  the  methods  employed  are  more  or  less  de- 
fective,"— Dr,  Scoresby-Jojckson. 

"Until  more  certain  means  are  discovered  for 
estimating  ozone,  present  observations  must  be  received 
with  great  caution." — JDavies. 

"  The  estimation  of  ozoue  is  in  a  very  unsatisfac- 
tory state.  The  great  imperfection  in  the  tests  makes 
it  desirable  to  avoid  all  conclusions  at  present." — 
Professor  Parkes. 

"No  dear  and  consistent  results  have  yet  been 
obtained.     Variations  of  light,  wind,  time,  and  paper, 
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may  cause  changes  attributed  only  to  ozone,  and  there 
are  no  reliable  means  of  checking  theuL" — Admiral 
Fitzroy, 

"  No  trustworthy  observations  on  ozone  are  made  in 
the  United  States  of  America." — Dr,  Henry,  of  the 
Smithsonian  Institution, 

These  views  refer  to  the  antiquated  practice  of 
estimating  atmospheric  ozone  with  the  iodized  starch 
test,  by  suspension  in  a  cage  or  box,  and  subsequent 
comparison  with  a  scale  containing  gradations  of 
colour. 

The  exposure  of  any  kind  of  test  papers  in  cages 
is  a  most  fallacious  mode  of  observation,  for  they  are 
measurers  of  the  velocity  of  the  wind,  and  may  be 
called  anemometers  rather  than  ozonometers.  The 
higher  the  wind  the  deeper  the  colours  they  assume, 
for  the  simple  reason  that  more  air  passes  over 
them. 

There  is  a  special  fallacy  attendant  on  the  employ* 
ment  of  starch  tests  in  ozonometry,  because  there  is 
every  reason  to  believe  that  the  iodide  of  starch  is  not 
a  true  chemical  compound.  M.  Duclaux  declares  that 
its  formation  is  purely  physical,  and  results  from  the 
adhesion  of  the  molecules  of  its  constituents.  It 
appears  that  M.  Personne  and  M.  Guichard  expressed 
the  same  opinion  some  years  ago.  The  latter  chemist, 
who  examined  the  iodide  of  starch  by  the  aid  of  the 
dialyser,  writes — "The  so-called  iodide  of  starch  is 
simply  starch  tinted  with  iodina"  Watts  considers 
that  "  the  blue  coloration  is  due  to  the  formation  of  a 
loose  combination  of  starch  and  iodine,  or  perhaps  to 
the  mere  mechanical  precipitation  of  the  iodine  upon 
the  starch."     The  various  ciicumstances  which  affect 
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and  modify  the  colour  of  the  iodide  of  starch  have 
been  pointed  out  by  Gmelin.* 

Then,  again,  all  of  the  iodine  set  free  in  the  starch 
test  does  not  sometimes  combine  with  the  starcL 
Some  of  the  iodine  set  free  occasionally  forms  a  colour- 
less iodate.  It  is,  moreover,  very  difficult  to  obtain 
pure  starch,  and  samples  of  the  same  kind  of  starch 
often  vary  much  in  strength.  The  errors  associated 
with  the  employment  of  iodide  of  starch  tests  are  indeed 
legion. 

Notwithstanding  the  existence  of  these  irremedi- 
able defects  inherent  to  the  emplojnnent  of  iodide  of 
starch  in  atmospheric  ozonometry,  which  were  brought 
by  me  before  the  scientific  world  in  a  prominent 
manner  three  or  four  years  ago,  the  officials  at  the 
Montsouris  Observatory  have  been  throwing  away 
their  time  and  labour  by  employing  cotton  wool  im- 
pregnated with  iodide  of  potassium  and  starch.  They 
have  at  length,  it  seems,  discovered  that  what  I  told 
them  years  ago  is  but  too  true — namely,  that  the 
iodide  of  starch  test  is  wholly  unreliable.  M.  Mari^- 
Davy  writes : — "  La  difficult^  de  la  methode  consiste 
en  ce  que  Tiodure  d'amidon  manque  de  stability,  qu'il 
se  d^colore  k  Tair,  et  qu'en  presence  de  la  potasse 
formde  une  partie  de  Tiode  mis  en  liberty  pent  se 
transformer  en  iodate.  D*un  autre  cot^,  Tamidon 
s'alt^re  au  contact  de  Tair  et  des  produits  pyrog^n^s 
qu'on  rencontre  toujours  dans  Tatmosphcire  des  grandes 
villes."  They  have  now  forsaken  this  untrustworthy 
iodide  of  starch  reaction,  and  estimate  the  quantity  of 
oxygen  employed  in  the  conversion  of  an  arsenite  into 
an  arsenate,  and  efforts  have  been  made  to  bolster  up 

*  Ha/ndhook  of  Chemistry ^  xy.  97  (German  edition). 
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the  belief  in  the  starch  tests  of  Schonbein,  by  making 
it  appear  that  Schonbein's  starch  tests — ^plus  certain 
corrections  of  their  own — agree  in  their  indications 
with  the  results  determined  by  the  oxidation  of  an 
arsenite.  Having  had  such  an  immense  experience 
with  starch  tests,  my  intimate  acquaintance  with  their 
comic  behaviour  would  incline  me  to  think  that  if 
there  is  any  harmony  between  them  and  the  process 
with  the  compound  of  arsenic,  the  latter  must  be 
worthless  also. 

According  to  the  most  approved  recent  mode  of 
observing  ozone,  and  of  estimating  the  amount  of  the 
air  purifiers  (ozone,  peroxide  of  hydrogen,  and  nitrous 
acid),  it  is  necessary  to  pass  a  known  quantity  of  air 
over  test  papers  of  two  different  kinds  at  a  known  and 
unvarying  velocity  by  means  of  aspirators,  of  which 
there  is  a  great  variety,  such  as  Mitchell's  aspirator, 
the  tube  aspirator.  Dancer's  aspirator,  the  injection 
aspirator,  Andrews'  aspirator,  the  Montsouris  aspirator, 
and  the  clockwork  fan  aspirator.  The  test  papers  are 
exposed  in  a  box  of  a  peculiar  form,  where  they  are 
protected  from  dust,  light,  and  moisture. 

It  would  be  impossible  to  give  the  reader  in  this 
handbook  an  adequate  description  of  the  mode  in 
which  ozone  and  the  other  air  purifiers  should  be  esti- 
mated. The  fullest  information  as  to  how  these  bodies 
should  be  observed  has  already  been  published  by  me 
in  my  work  on  OzoTie  and  Antozone  in  which  it 
occupies  136  pages.  The  errors  associated  with  theinon 
old  ozonometric  method  of  exposing  starch  tests  mayou 
be  here  summarized. 

1.  Impurity  of  chemicals  1  employed  in  the  manu- 

2.  „         „   paper  )       facture  of  the  tests. 
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3.  Formation  of  the  iodate  of  potash. 

4.  Non-union  with  the  starch  of  the  whole  of  the 

liberated  iodine. 
6.  Changes  in  the  force  of  the  wind. 

6.  Bleaching  and  fading  of  coloured  tests  from — 

A.  Formation  of  the  iodate  of  potash. 

B.  Excess  of  moisture  in  the  air. 

C.  A  high  temperature  of     „ 

D.  A  great  velocity  of 

E.  A  long  exposure  to 

F.  Sulphurous  acid  in 

7.  Light. 

8.  Ozonometers  ( =   chromatic  scales)  faulty  in  con- 

struction. 

9.  Differences  of  aspect  and  elevation. 

I  must  refer  to  that  work  for  the  blue  and  red 
chromatic  scales,  the  ozone  register  and  diagram,  which 
in  like  manner  cannot  possibly  be  copied  into  this 
publication.  After  a  thoroughly  stccurate  estimation 
of  the  amount  of  ozone  present  in  the  pure  air  of 
different  climates,  and  during  the  various  atmospheric 
changes  of  each  climate,  we  shall  be  in  a  position  to 
attempt  an  elucidation  of  the  following  and  many 
other  questions  which  are  of  immense  interest  and 
importance  to  the  human  race : — 

1.  What  are  all  the  sources  of  atmospheric  ozone  ? 

2.  How  is  it  formed,  and  in  what  circumstances  does 

it  arise  ? 

3.  What  is  its  precise  action  on  animals  and  plants  ? 

4.  Has  an  excess  or  deficiency  of  ozone  any  effect  on 

the  pubUc  health  ? 

5.  K  so,  what  is  the  nature  of  that  influence  ? 
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6.  What  is  the  effect  of  the  presence  of  epidemics  on 

its  amount,  as  calculated  by  the  improved  ozono- 
metric  method  7 

7.  Does  ozone  oxidize  one  only,  oi  all  of  the  difFetent 

kinds  of  organic  matter  found  in  the  air  ? 
The  elucidation  of  that  "very  intereating  mystery 
respecting  the  supposed  relationship  between  an  excess 
of  atmospheric  ozone  and  an  epidemic  of  influenza  is 
one  which  demands  special  attention,  because  of  the 
fact  that  an  excess  of  ozone  artificially  prepared  will 
originate  a  catarrh.  As  an  outbreak  of  this  disease 
has  not  occurred  since  1847,  it  seems  probable,  irom 
the  experience  of  the  past,  that  no  long  time  will 
elapse  before  an  opportunity  will  be  afforded. 


;r^0      H^vmiiOi/MiiCAL  rxBixnoys  dc  kelatiox 


PART   III. 


hKKTf.'JI  OF  RELATION'  BmVEE.V  CKKTAIN  METEOROLOGI- 
CAL VAKIATIONS  IN  THE  OiNMTli.'N  OF  THE  AIB, 
AMi  STATES  OF  IJE.VLTH  AND  1»ISE.\SE. 

In  ihii  r;rjri8ideration  of  "  all  influences  aflecting.  or 
t)in;iit<;nin^  to  afTect,  the  piiMic  IiKiltli  within  his  dis- 
tri<:t/'  the  nie<Iical  officer  of  healtli  should  not  neglect 
oliHervationH  on  those  climatic  and  tojutgraphical  pecu- 
liai'itiffH  wliich  are  likely  to  exert  any  action  on  health. 
TIhj  variations  in  the  teini>eratiire,  humidity,  pressure, 
and   f:l(;(:tric   state  of  the  atmosphere,  as  well  as   the 
efTectH  of  these  changes  on  the  moral  and  physical  con- 
dition of  nations  and  individuals,  form  a  most  exten- 
give  field  of  study,  and  one,  moreover,  of  the  highest 
jxissible  interest.    The  influence  of  climate  on  the  sani- 
tAiy  condition   of  all  animals,  and  especially  of  the 
nnvt  highly  organized  being  in  the  scale  of  creation, 
))*»    iH'cuiried  for  more  than    2000    years,  and    still 
iTiC^C^^.  the   attention   of  scientific  men.     The  great 
*ii.>'>ivt   of  weather  and  disease  has  l»een  worked   at 
i*.»rr  ««**»*  the  times  of  l*}thagoras,  whose  doctrines 
^fi«t   fKjNjx^rted  by  Hippocrates,*  the  father  of  medi- 
f.xnt'      Vi^t€^  distinguished  philosophers  divided  nature 
;vvi«v  Crur  >j»Alilic« — yiz.  cold  and  warmth,  dryness  and 
^fv<««M«t-      Uioy  considered  cold  with  moisture  to  be 

*   ^iJk  **  wtpt,  UMpwf,  vbarttw,  Torup, " 
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hurtful,   and  wannth  with  dryness  to   be  beneficial 
qualities. 

The  three  following  rules  have  long  been  accepted 
by  the  few,  and  unrecognised  by  the  many,  for  hun- 
dreds of  years  : — 

1.  A  pretematurally  dry  air,  with  a  high  tempera- 
ture, predisposes  to  the  development  of  fevers  and 
intestinal  disorders. 

2.  A  very  moist  atmosphere,  accompanied  by  a  low 
temperature,  is  apt  to  induce  bronchial  and  rheumatic 
affections. 

3.  A  very  dry  atmosphere,  when  associated  with  a 
low  temperature,  has  a  tendency  to  excite  inflamma- 
tions of  the  respiratory  organs. 

The  labour  of  the  past  has  borne,  however,  but 
little  fruit.  With  our  present  improved  means  of 
meteorological  observation,  a  fresh  impetus  has  been 
given  to  this  pursuit,  especially  in  connection  with  our 
increased  knowledge  of  the  influences  of  the  seasons 
on,  and  the  physiological  changes  in,  the  human  body. 
That  a  certain  amoimt  of  disease  can  be  prevented  by 
guarding  against  many  of  the  effects  of  changes  of 
climate  is  indubitable. 

It  will  be  useful  to  consider :  first,  the  effects  of 
differences  of  temperature,  moisture,  and  barometric 
pressure,  direction  of  the  wind,  etc.,  on  health ;  and, 
secondly y  the  meteorological  conditions  which  appear  to 
favour  or  retard  the  development  of  those  diseases  that 
seem  to  be  influenced  most  by  climatic  variations.  * 
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CHAPTER    XXX. 

1. THE  INFLUENCE  OF   DIFFERENCES   OF   TEMPERATURE, 

MOISTURE,     AND    BAROMETRIC     PRESSURE     OF     THE 
AIR,  DIRECTION  OF  THE  WIND,  ETC.,  ON  HEALTH. 

A.   TJie  Temperature  of  the  Air, 

The  Tern-  The  following  dicta  may  be  regarded  as  aphorisms : 

SrSr  Ib  summer,  during  which  season  there  is  a  tendency 

to  intestinal  affections,  a  rise  of  mean  temperature 

above  the  average  increases  the  number  of  cases  and 

the  mortality  from  them. 

In  tointer,  during  which  season  there  is  a  predispo- 
sition to  lung  diseases,  a  fall  of  mean  temperature 
below  the  average  increases  the  number  of  cases  of, 
and  the  mortality  from,  these  affections. 

When  the  temperature  in  London  falls  from  45°  to 
27^  the  Registrar-General  calculates  that  about  400 
persons  perish  of  bronchitis. 

The  valuable  reports  of  the  Registrar-General  con- 
tain much  information  as  to  the  connection  of  mortal- 
ity from  various  diseases  with  temperature.  As  his 
reports  are  quite  accessible  to  sanitarians,  I  shall  not 
make  any  further  quotation  from  his  calculations. 

Dr.  Ballard  concludes,*  from  a  comparative  study  of 
the  meteorological  observations  made  at  Greenwich  for 

*  '*  On  the  influence  of  some  of  the  more  important  elements  of 
weather  upon  the  absolute  amount  of  sickness." — British  Medical 
Journal,  June  12,  1869. 
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the  six  years  from  1860-65,  and  on  the  amount  of  paro- 
cliial  sickness  in  the  parish  of  Islington  and  in  two  large 
metropolitan  dispensaries,  and  in  the  Pentonville  con- 
vict prison,  that — (1.)  "  Comparative  warm  weather  is 
more  deleterious  to  public  health  in  the  colder  than  in 
the  warmer  half  of  the  year,"  which  is  certainly  opposed 
to  the  general  opinion ;  (2.)  In  the  colder  months  of 
the  year  the  mean  temperature  is,  on  the  whole,  much 
more  important  as  a  condition  determining  the  absolute 
quantity  of  sickness  than  the  extent  of  the  diurnal 
range,  and  that,  in  these  months,  the  higher  the  mean 
temperature  the  more  important  is  the  influence  of  the 
range;  (3.)  In  these  colder  months  a  low  range  is 
more  injurious  to  public  health  than  a  high  range, 
whether  the  mean  temperature  be  comparatively  high 
or  comparatively  low,  which  is  a  conclusion  contrary 
to  the  received  opinion  that  an  equable  temperature  is 
the  most  favourable  to  health ;  (4.)  That  in  the  ivarmer 
months  of  the  year  the  diurnal  range  of  temperature  is, 
on  the  whole,  more  important  as  a  condition  determin- 
ing the  absolute  quantity  of  sickness  than  the  mean 
temperature ;  and  (5.)  That,  in  these  warmer  months, 
a  high  diurnal  range  of  temperature  is  much  more 
injurious  to  public  health  than  a  low  range. 

The  very  sensible  discomfort  and  illness  in  some, 
induced  by  sudden  and  extreme  ranges  of  temperature, 
must  often  press  itself  on  the  notice  of  the  health 
officer.  The  healthy  body  in  the  prime  of  life  shows 
a  wonderful  ability  to  adapt  itself  to  extraordinary 
ranges  of  temperature,  even  to  differences  of  as  much 
as  72  d^rees.  The  vei^un^^e  aged,  the  feeble, 
the  sickly  and  iliiMmmwU^^^^^BIlMlli  hi  leas  dis- 
turbed by  the 
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extraordinary  noises  that  sometimes  proceed  from  chairs 
and  tables,  and  the  condition  of  certain  epithelial  struc- 
tures, such  as  the  hair  and  skin,  are  often  signs  to  the 
public  of  the  approach  of  rain,  all  being  the  result  of 
an  excess  of  humidity  in  the  air,  due  to  the  great  alter- 
ations in  size  which  fibrous,  epithelial,  and  ligneous 
bodies  undergo  by  the  addition  or  subtraction  of  moist- 
ure. How  cleverly  did  the  great  Jenner  embody  in 
a  few  lines  of  verse  "  On  the  Signs  of  Kain,"  the  effects 
of  this  atmospheric  change. 

*'  Hark  !  how  the  duurs  and  tables  crack, 
Old  Betty's  joints  are  on  the  rack." 

The  decrease  of  the  pressure  of  the  air  which  gene- 
rally accompanies  an  excessive  hygrometric  condition 
has  doubtless,  however,  much  to  do  with  the  painful 
condition  of  that  old  lady's  joints.  We  know  but 
little  of  the  influences  of  varying  degrees  of  humidity 
of  the  air  on  animal  life.  It  is  unquestionable  that  an 
excess  or  deficiency  of  the  normal  amoimt  of  moisture 
in  the  air  exerts  a  very  decided  action  on  the  state 
of  the  public  health.  People  in  health  merely  feel 
slightly  depressed  when  the  air  is  rather  damp,  and 
somewhat  irritable  when  it  is  imusually  dry,  but  to 
invalids  even  a  change  of  two  or  three  per  cent  in  the 
humidity  is  perceptible.  An  excess  is  the  more  pre- 
judicial, because  aqueous  vapour  possesses  a  powerful 
affinity  for  organic  matter,  and  serves  both  to  preserve 
and  diffuse  it.  We  all  of  us  have  frequently  experi- 
enced the  enervating  effects  of  fogs  and  mists,  and  the 
return  of  our  usual  mental  and  bodily  vigour  on  their 
removal.  When  we  remember  that  all  depressing  agents 
predispose  to  disease,  the  subject  of  humidity  in  re^on 
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to  hygiene,  connected  as  it  is  so  intimately  with  that 
of  climate,  cannot  be  too  diligently  examined. 

Insular  climates,  in  the  temperate  latitudes,  are 
necessarily  humid  to  a  certain  extent,  especially  if 
the  temperature  is  low.  When  there  is  in  addi- 
tion an  excessive  rainfall,  a  damp,  foggy,  and  relaxing 
climate  is  produced,  which  often  exercises  an  injurious 
influence  on  the  health  of  those  unacclimatized  to  it 
The  voice  of  Grassini  was  reduced  nearly  an  octave  by 
the  relaxing  effect  of  the  air  of  this  country.  Her  vocal 
organs  were  restored,  however,  to  their  normal  condition 
on  her  return  to  the  drier  climate  of  Italy. 

The  view  has  been  expressed  that  the  degree  of 
moisture  of  the  air  is  intimately  associated  with  the 
degree  of  beauty  in  the  human  female,  and  especially 
with  its  duration.  The  average  hygrometric  state 
of  the  air  is  but  one  of  the  many  factors  concerned, 
which,  by  their  union,  form  the  climate  of  the  country, 
by  which  the  female  body  is  undoubtedly  influenced 
to  a  considerable  extent  in  its  development.  Tem- 
perature unquestionably  exerts  an  effect  which  is  per- 
haps scarcely  if  at  all  inferior.  Warm  moist  climates, 
in  the  temperate  regions  of  the  earth,  have  been 
considered  to  produce  more  beautiful  women,  whose 
beauty  endures  longer  than  countries  possessing  dif- 
ferent qualities  of  climate.  As  we  leave  the  tem- 
perate climes  for  the  sunny  south,  where  development  is 
more  rapid,  and  the  period  of  puberty  earlier,  we  notice 
that  female  beauty  is  very  evanescent,  and  is  soon  on  the 
wane.  As  the  temperate  latitudes  are  left  for  the  nor- 
thern, colder,  and  drier  climates,  there  is  a  coarseness,  and 
want  of  softness  and  delicacy  which  is  so  characteristic 
of  the  women  of  the  south.    Modes  of  life,  differences  of 
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race  and  character,  as  well  as  the  kind  of  climate,  have, 
of  course,  some  considerable  action  on  the  grace  and  love- 
liness of  the  female.  This  subject  is  one  of  great  magni- 
tude, on  which  there  will  necessarily  be  a  divergence  of 
opinion,  as  the  question  of  taste  is  very  much  involved. 
I  only  allude  to  it  as  one  deserving  of  thought. 

An  excess  of  aqueous  vapour  in  the  atmosphere  has 
not  only  a  depressing  effect  on  the  nervous  system,  but 
it  interferes  with  the  cutaneous  and  pulmonary  exhala- 
tions. If  the  temperature  is  high  (65°  to  80*"  F.), 
saturated  air  is  sultry  and  oppressive.  If  low  {e.g., 
a  Scotch  mist  of  36**  F.),  its  chilling  influence  pene- 
trates all  clothing.  At  least  one  half  of  the  patients 
which  apply  for  relief  during  the  winter  months  to  the 
physicians  of  the  metropolitan  and  provincial  hospitals 
of  this  country,  are  afiUcted  with  colds,  coughs,  bronchial 
and  rheumatic  affections.  The  prevalence  of  these  dis- 
orders at  this  season  is,  without  a  doubt,  due  partly 
to  the  coldness,  and  partly  to  the  excessive  moisture  of 
our  very  changeable  climate.  Above  80**  F.,  air  of 
excessive  humidity  becomes  injurious ;  and  it  has  been 
doubted  as  to  whether  life  can  be  prolonged  in  such  air 
at  a  temperature  between  90°  F.  and  100°  F. 

A  very  dry  air  is  considered  by  some  as  less  dele- 
terious to  health  than  a  very  moist  air.  Assistant- 
Surgeons  Lauderdale  and  Eoss,  in  a  report  relative  to 
Fort  Yimia,  California,  write:* — "With  the  thermo- 
meter at  105°  F.,  the  skin  becomes  dry  and  hard,  and 
the  hair  crisp,  and  furniture  falls  to  pieces.  Newspapers, 
if  roughly  handled,  break.  Eggs  that  have  been  on  hand 
for  a  few  weeks  lose  their  watery  contents  by  evapora- 
tion, and  the  remainder  is  tough  and  hard.    A  tempera- 

*  Quarterly  Journal  of  Sciaiee.    April  1878. 
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ture  of  lOO*'  F.  may  exist  for  weeks  in  succession,  an 
there  will  be  no  additional  cases  of  sickness  in  cons< 
quence.     We  have  none  of  the  malarial  diseases." 

Dr.  Ballard's*  inferences  as  to  the  efifect  of  varij 
tions  in  atmospheric  moisture,  as  represented  hy  th 
readings  of  the  hygrometer,  and  the  estimation  of  th 
rainfall  on  the  public  health  of  a  portion  of  Londor 
are  thus  given  by  him : — 

First  As  to  the  readings  of  the  hygrometer.  "  1 
That  in  the  colder  months  of  the  year  the  mean  tern 
perature  is,  on  the  whole,  more  important  as  a  condi 
tion  determining  the  absolute  quantity  of  sickness  thai 
the  amount  of  accompanying  atmospheric  moisture.  2 
That  in  the  warmer  months  of  the  year,  on  the  othei 
hand,  the  amount  of  atmospheric  moisture  is  more  im- 
portant as  a  condition  determining  the  absolute  quan- 
tity of  sickness  than  the  mean  temperature.  3.  That, 
both  in  the  colder  and  warmer  seasons  of  the  year, 
a  comparatively  dry  condition  (for  the  season)  of  the 
atmosphere  is  more  damaging  to  public  health  than 
a  comparatively  moist  condition  of  the  atmosphere." 

Secondly,  As  to  the  rainfall  "  1.  That  in  the  colder 
months  of  the  year  the  mean  temperature  is,  on  the 
whole,  more  important  as  a  condition  determining  the 
absolute  quantity  of  sickness  than  the  amount  of  rain- 
falL  2.  That  in  the  warmer  months  of  the  year  the 
amount  of  rainfall  is  more  important  in  determining 
the  absolute  quantity  of  sickness  than  even  the  tem- 
perature. 3.  That  the  amount  of  rainfall  is  more  im- 
portant at  comparatively  low  than  at  comparatively  high 
temperatures,  in  regulating  the  absolute  quantity  of  sick- 
ness, both  in  the  colder  and  warmer  months  of  the  year." 

*Op.cU. 
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The  artificial  climates  which  we  manufacture  in  our 
houses  and  public  buildings  are  far  more  deleterious  to 
health  than  any  atmospheric  vicissitudes  as  to  moisture. 
The  air  of  our  rooms  has  a  tendency  to  be  pretematur- 
ally  dry,  and  when  so  is  often  oppressive  and  unwhole- 
some. The  degree  of  moisture  of  air  is  shown  by  the 
hygrometer,  which  consists  of  two  thermometers,  one 
the  dry  bulb  and  the  other  (covered  with  muslin  and 
attached  by  a  lamp  wick  to  a  feeder  of  water)  the  wet 
bulb.  The  difference  between  these  bulbs  is  about  five 
or  six  degrees  in  a  heajthful  atmosphere.  In  rooms 
warmed  by  radiant  heat  it  reaches  often  eight  degrees ; 
whUst  in  rooms  heated  by  hot  air  a  difference  of  fifteen 
to  seventeen  degrees  is  often  noticed,  which  is  unwhole- 
some and  unpleasant.  Although  so  many  different 
kinds  of  stoves  and  other  appliances,  such  as  hot  water 
pipes,  etc.,  for  heating  rooms,  have  been  devised,  that 
important  point  seems  nearly  always  to  have  been  over- 
looked, namely,  the  maintenance  of  a  healthful  amount 
of  moisture  in  the  air. 

I  have  seen  pans  of  water  placed  on  iron  stoves  to 
counteract  the  impleasant  effects  caused  by  the  dryness 
of  the  air,  and  have  seen  the  water  steaming,  and  even 
boiling.  In  such  an  apartment  there  was  an  excess  of 
moisture  in  the  air  which  made  me  feel  very  uncom- 
fortable, creating  the  disagreeable  sensation  which  one 
experiences  on  entering  the  house  of  a  laundress ;  the 
hygrometer  in  such  a  case  giving  a  difference  of  only 
one  or  two  degrees,  showing  that  the  air  was  almost 
saturated  with  watery  vapour  in  an  invisible  form. 

The  air  sometimes  becomes  almost  saturated  with 
the  aqueous  vapour  that  proceeds  from  the  pulmonary 
and    cutaneous    surfaces   in   crowded  halls  or  rooms. 
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Professor  Sanders  relates  *  an  anecdote,  narrated  to  him 
by  a  Eussian  ofl&oer,  of  the  production  of  a  shower  of 
snow  that  fell  on  the  audience  in  a  concert  room  by 
the  sudden  opening,  in  very  cold  weather,  of  a  window, 
for  purposes  of  ventilation. 

Even  now,  when  the  study  of  health  and  the  influ- 
ences which  deteriorate  and  promote  it,  coupled  with 
the  prevention  of  disease,  are  the  great  subjects  of  the 
day,  rivalling  in  interest  the  kindred  one  of  the  cure  of 
disease,  there  seems  a  complete  ignorance  or  apathy  in 
regard  to  this  subject  amongst  physicians  and  leading 
architects. 

On  recently  visiting  the  completed  portion  of  the 
New  Edinburgh  Eoyal  Infirmary,  which  is  fitted  with 
all  the  most  approved  and  recent  appliances  for  heat- 
ing, ventilation,  etc.,  and  which,  when  finished,  will 
take  the  place  now  occupied  by  St.  Thomas'  Hospital, 
London,  and  the  Lariboisiire  in  Paris,  of  the  modem 
pattern  hospital,  I  was  astonished  to  find  that  no 
provision  whatever  existed  for  supplying  moisture  to 
the  air  dried  by  the  coils  of  hot  water  pipes  that  are 
seen  in  so  many  places.  If  gardeners  were  to  treat 
their  greenhouse  plants  thus,  healthy  life  and  growth 
would  be  impossible.  Horticulturists  always  furnish 
their  hot  water  pipes  with  long  troughs,  filled  with 
water,  that  rest  on  the  pipes,  and  thus  maintain  an 
artificial  climate,  closely  resembling  that  to  which  the 
plants  have  been  accustomed,  in  which  air  is  enabled 
to  Uck  up  as  much  water  as  its  temperature  will 
permit 

C.  The  Pressure  of  the  Air. 
The  There  is  a  strong  popular  beUef  that  old  wounds,  in- 

Fnuoreof 

the  Air.  *  Handbuch  der  offentlichen  Gesundheitspflege. 
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juries,  diseased  bones,  and  rheumatic  joints  are  the 
seat  of  discomfort,  or  even  pain,  on  the  approach  of  a 
storm,  which,  speaking  generally,  means  in  this  country 
a  sudden  decrease  of  at  least  -^  inch  of  the  mercuricd 
column.  Bichardson  and  others  tell  us  that  when  the 
body  is  exposed  to  low  barometric  pressure  there  is  a 
tendency  to  exudation  of  fluid  from  wounded  sur- 
faces, a  feebleness  in  the  healing  of  wounds,  a  suscepti- 
bility to  disturbance  in  the  body  generally,  and  a 
proneness  to  the  production  of  secondary  fever  by  the 
absorption  of  discharges  which  have  undergone  some 
decomposition.  The  outcome  of  these  facts  has  been 
the  establishment  of  the  law  that  no  important  sur- 
gical operation  should  be  performed  when  the  baro- 
meter is  low,  or  when  it  is  steadily  falling.  The 
principal  effect  of  diminished  pressure  of  the  atmos- 
phere is  distension  of  the  capillaries.  We  all  recognize, 
as  one  of  the  exciting  causes  of  apoplectic  seizures,  a 
rapid  diminution  of  atmospheric  pressure  producing  a 
sudden  capillary  engorgement  Mr.  Wood,  of  King's 
College  Hospitjd,  introduced  the  question  in  the  British 
Medical  Jourrhol  in  the  spring  of  1872,  as  to  why 
cases  of  joint  disease  are  invariably  worse  during  the 
warm,  moist  days  of  winter  ?  It  was  curious  that  his 
attention  should  have  just  at  that  time  been  particularly 
called  to  the  connection,  for  the  pressure  of  the  air  in 
London  had  been  less  early  in  that  year  than  had  been 
noted  for  nearly  30  years.  Indeed,  it  was  stated, 
on  the  authority  of  the  editor  of  the  Meteorological 
Magazine,  that  only  on  two  occasions  during  the  present 
centuiy  had  the  barometer  been  so  low  as  on  January 
24th,  1872.  An  exacerbation  of  the  symptoms  in  cases 
of  joint  disease  may  be  due  to  low  barometric  pressure. 
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acting  in  a  manner  which  may  be  thus  explained : — 
In  the  solid,  inelastic  articular  expansions  of  the  bones, 
which  are   surrounded  by  firm    inextensile    textures, 
forming  the  joints,  the  minute  nerves,  shown  by  KoUiker 
and  others  to  permeate  the  cancellous  and   compact 
structures  in  company  with  vessels,  are    pressed  by 
these  vessels,  when  enlarged,  against  the  un3rielding 
walls    of    the   channels    through   which    they    pass. 
Although  the  nerves  of  bones  do  not  generally  afford 
healthy  individuals  any  conscious  sensations,  yet,  in 
diseases  of  the  joints,  the  bones,  when  congested  or  the 
seat  of  inflammation,  become  painful      Tissues,   not 
supplied  with  rigid  canals  like  bone,  yield  to  pressuure 
during  any  temporary  increase  in  the  size  of  the  minute 
vessels.      In  such  tissues,  vascular  distension,  firom  a 
diminution  of  the  pressure  of  the  air,  is  unassociated 
with  pain,  because  the  nerves  accompanying  the  vessels 
are  iminterfered  witL     Low  barometric  pressure  and 
an  excess  of  humidity  of  the  air  offer  conditions  most 
unfavourable  for  the  removal  of  heat  by  evaporation 
and  radiation  from  a  congested  or  an  inflamed  joint. 
Teeth,  which  have  a  nutrient  system  very  similar  to 
that   possessed  by  bone,  become    painful  when    the 
pressure  of  the  air  is  suddenly  lessened,  for  the  same 
reason.      The  nerves  of  the  tooth  being  in  a  morbid 
condition  from  caries,  are  temporarily  irritated  by  the 
capillary  enlargement.     How  is  it  that  joints  which 
are  not  diseased  ache  when  the  barometer  is  low  ?     I 
am  not  aware  that  this  occurs  in  the  young  and  healthy. 
Experience  teaches  us  that  old  rheumatic  people  often 
complain  of  this  symptom.    Such  persons,  whose  joints 
are  not  in  a  perfectly  healthy  state,  are  generally  worse 
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during  damp  weather,  in  consequence,  I  presume,  of 
imperfedt  eKmination  by  the  skin,  and  of  the  lowering 
of  the  vitality  of  parts  (whereby  the  action  of  a  morbid 
condition  is  favoured),— changes  undoubtedly  induced 
by  the  meteorological  conditions,  the  effects  of  which 
we  have  been  considering.  It  has  for  a  long  time 
been  held  that  increased  atmospheric  pressure  artificially 
applied  exercises  an  anoemiating  and  compressing  action 
in  the  peripheric  tissues;  that  it  diminishes  the  frequency 
of  the  pulse  and  the  calibre  of  the  small  vessels  gene- 
rally, thus  increasing  the  obstacles  which  the  vascular 
walls  oppose  to  the  current  of  blood  from  the  heart 
The  haemorrhages  and  peripheric  congestions  observed 
in  aeronauts,  and  the  opposite  facts  noticed  in  divers  and 
miners,  are  in  this  mechanical  manner  accounted  for. 
M.  Yivenot  states  that  this  diminution  of  the  vessels 
may  be  seen  on  the  conjunctiva,  on  the  ear  of  the 
rabbit,  and  on  the  vessels  of  the  retina,  and  that 
rarified  air  produces  contrary  effects  {VircJuyufa  Archiv. 
1866).  M.  Bert,  in  recent  numbers  of  the  Comptes 
JRendus,  and  Forlanini,  ^  have  impugned  the  correctness 
of  this  view,  and  state  that  the  calibre  of  the  capillaries 
does  not  undergo  change  under  the  action  of  compressed 
air.  The  therapeutic  emplo}rment  of  compressed  air, 
which  is  given  at  a  pressure  of  from  1  to  1 0  atmospheres, 
in  bronchitis  and  other  affections,  is  now  a  recognized 
mode  of  treatment  at  some  places,  as,  for  example,  at 
Ben  Shydding,  in  Yorkshire,  and  at  some  establishments 
on  the  Continent.  The  physiological  effects  are  said 
to  be  the  following  : — 1.  Augmentation  in  the  ampli- 
tude of  the  inspirations  ;  2.  Diminution  in  the  number 
of  respirations  in  a  given  time  ;  3.  Prolongation  of  the 

*  Oazzetta  Medica  Italiana^  LomUrdi,  March  Slot,  1877. 
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expiratory  act ;  4.  Gradual  augmentation  of  the  capa- 
city of  the  lungs ;  5.  Superoxygenation  of  the  blood, 
increased  activity  of  the  organic  combustion,  and  eleva- 
tion of  temperature. 

The  effects  of  diminished  pressure  of  the  air  are  an 
increase  in  frequency  of  the  respiratory  and  circulatory 
acts,  and  a  reduction  of  the  activity  of  the  nutritive 
processes,  as  shown  by  the  amount  of  urea  eliminated. 

The  subject  of  the  effects  on  health  of  changes  in 
atmospheric  pressure,  *  should  be  more  clearly  ascer- 
tained, and  it  offers  a  wide  and  encouraging  field  for 
exploration. 

The  stumps  of  amputated  limbs  appear  to  be  very 
sensitive  to  meteorological  vicissitudes.  Persons  with 
these  painful  stumps  sometimes  get  into  a  morbid  and 
hysterical  state  of  mind  ;  and  in  their  prospective 
study  of  their  discomforts,  this  hyperaesthetic  condition 
gives  rise  to  fanciful  imaginary  ideas. 

It  is  the  experience  of  those  who  have  the  care  of 
the  insane,  that  a  sudden  and  great  decrease  in  atmos- 
pheric pressure  is  generally  accompanied  by  an  in- 
creased excitability,  more  apparent  amongst  some  forms 
of  mental  disease  than  others. 

Attacks  of  neuralgia  and  other  nervous  maladies 
seem  often  to  recur  during  the  fall  of  the  barometer, 
especially  when  this  culminates  in  rain.  Dr.  Weir 
Mitchell  gives  the  following  result  of  his  observations 
on  this  connection  between  the  neuralgic  attacks  in 
a  painful  stump  of  a  Capt.  Catlin,  U.  S.  A.t     "  It  was 

*  The  obsenrations  of  M.  Bert  on  "  Barometric  Pressure,"  in  recent 
Nos.  of  the  CompUs  Jievdus,  should  be  perused.  Vide  also  J^ets 
Physiologiques  et  ApplietUions  Th/rapeviiquu  de  VAir  Comprimi^  by 
Dr.  J.  A.  Fontaine,  1877. 

t  Anwrican  Journal  of  the  MediccU  Sciences,  April  1877. 


AIR-PRESSURE  AND  HEALTH.  335 

rather  the  fact  of  a  storm,  or  the  disturbance  of  pres- 
sure, that  induced,  or  at  least  accompanied  pain,  than 
its  depth,  duration,  or  extent"  The  number  of  hours 
during  which  neuralgia  was  endured  was  greater  in 
the  spring  and  autumn  quarters  than  during  the 
summer  and  winter.  He  writes,  "The  amount  for 
spring,  which  is  in  America  the  season  of  greatest 
depression  of  health  tone,  when  choreas  return,  and 
epilepsies  are  difficult  to  control,  but  little  exceeds  the 
autumn  pain  crop."  This  army  officer  noticed  also 
that  his  neuralgia  was  apt  to  prevail  when  the  northern 
lights  were  intense.  As  auroras  are  generally  followed 
by  storms  this  coincidence  is  not  improbable.  Dr.  Mit- 
chell adds,  "  A  still  more  valuable  and  novel  conclusion 
has  arisen  out  of  the  study.  Every  storm,  as  it  sweeps 
across  the  continent  of  America,  consists  of  a  vast  rain 
area,  at  the  centre  of  which  is  a  moving  space  of  greatest 
barometric  depression,  known  as  the  storm  centre,  along 
which  the  storm  moves  like  a  bead  on  a  thread.  The  rain 
usually  precedes  this  by550to600  miles,  but  before 
and  around  the  rain  lies  a  belt,  which  may  be  called  the 
neuralgic  margin  of  the  storm,  which  precedes  the  rain 
about  150  miles.  This  fact  is  very  deceptive,  because 
the  sufferer  may  be  on  the  far  edge  of  the  storm-basin 
of  barometric  depression,  and  seeing  nothing  of  the 
rain,  yet  may  have  pain,  due  to  the  storm.  It  is  some- 
what interesting  to  figure  to  oneself  thus  a  moving 
area  of  rain  girdled  by  a  neuralgic  belt  150  miles 
wide,  within  which,  as  it  sweeps  along  in  advance  of 
the  storm,  there  prevail  in  the  hurt  and  maimed  limbs 
of  men,  and  in  tender  nerves,  and  rheumatic  joints, 
renewed  torments  called  into  existence  by  the  stir  and 
pertm-bation  of  the  elements." 


336 


DIRECTION  OF  WIND  AND  HEALTH. 


D.  The  Direction  of  the  Wind. 

The  West  and  north-west  winds  are  considered   more 

^J^J^**'  favourable  to  health  than  south  and  south-west  winds, 
which  are  generally  warm  and  soothing  to  invalids,  and 
others  with  an  irritated  pidmonary  surface.  North  and 
north-east  are  not  considered  unfavourable  to  health,  and 
are  generally  enjoyed  by  those  who  are  robust  East 
winds  are  proverbially  deleterious,  except  to  the  strong 
and  healthy,  by  reason  of  their  coldness  and  dryness. 

East  winds  have  been  especially  connected  with 
the  production  of  neuralgic  afTections,  and  the  moist 
warm  relaxing  winds  from  the  south-west  have  to  a 
less  extent  been  blamed. 

Dr.  W.  Mitchell  found  that  of  50  cases  of  ampu- 
tation of  limbs  less  than  half  felt  unusual  sensations 
upon  the  coming  of  or  during  an  east  wind.  Of  the 
rest,  two-thirds  insisted  on  their  power  to  predict  such 
a  change  of  weather,  but  said  they  were  unaffected  by 
a  thunderstorm  or  by  rain  coming  from  the  south. 

Dr.  Ballard's  observations,  to  which  allusion  has 
already  been  made,*  lead  him  to  believe  that  westerly, 
southerly,  and  south-westerly  winds,  are  associated  with 
a  larger  amount  of  sickness  than  northerly  and  north- 
easterly winds. 
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CHAPTER  XXXL 

2. THE  METEOROLOGICAL  CONDITIONS  WHICH  APPEAR  TO 

FAVOUR  OR  RETARD  THE  DEVELOPMENT  OF  CERTAIN 

DISEASES. 

1.  Surgical  fever  and  shock  after  operationa 

2.  Small  pox. 

3.  Measles. 

4.  Whooping  cough. 

5.  Scarlet  fever. 

6.  Fever. 

!  Diarrhoea. 
Dysentery. 
Cholera. 

8.  Bronchitis,  pneumonia,  and  asthma. 

9.  Phthisis. 

10.  Haemorrhages,  apoplexy,  abortion,  neuralgia. 

11.  Hydrophobia. 

12.  Erysipelas  and  puerperal  fever. 

13.  Insanity. 

14.  Bheumatism. 

1.  Surgical  Fever  after  operations, — Dr.  Richardson  nm^fia^ 
shows  *  that  there  are  differences  in  the  mortality  of  l^^ 
certain  diseases  which  are  attended  by  fever  or  incre- 
ment of  animal  heat  during  the  several  seasons  of  the 

*  "  On  Meteorological  Readings  in  relation  to  Surgical  Pnctioe.'* 
—Medical  Timea  and  OoMeUe,  January  29th,  and  Febmaiy  6th,  1870. 

Z 
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year.  He  found,  from  an  analysis  of  139,318  deaths 
from  all  diseases,  during  the  years  between  1838  and 
1853,  that  the  mortality  from  three  of  the  diseases  of 
this  class,  held  the  following  proportions : — 


First 
Quarter. 

Jan.  Feb. 

March. 

Second 
Quarter. 

April,  May. 

June. 

Thiid 
Quarter. 

July,  Aug. 

Sept 

Fourth 
Quarter. 

Oct.  Not. 

Dec. 

Scarlet  Fever  . 

20-809 

18-978 

26*234 

33-976 

Erysipelas 
Carbuncle 

25-144 
29-771 

23-444 
19-686 

22*337 
24-409 

29174 
29-133 

He  points  out  that  the  last  quarter  is  the  central 
quarter  of  the  year  in  which  these  diseases  are  most 
fatal,  and  that  December  is  the  centre  of  a  period  of 
seven  months  which  commences  in  September,  during 
which  there  is  occurring  in  the  animal  organism  a 
marked  modification  in  the  nutrition,  as  compared  with 
the  five  remaining  months  from  April  to  August  ^ 

Admitting  that  whenever  there  is  any  considerable 
increase  of  the  animal  temperature,  there  is  danger, 
unless  there  be  established  a  compensation  by  radiation 
and  specially  by  evaporation  of  water  from  the  body, 
we  find  that  the  fourth  quarter  of  the  year  is  more 
distinguished  than  the  other  quarters  for  those  meteor- 
ological conditions  which  are  most  unfavourable  to 
equalization  of  heat  by  evaporation  and  radiation, 
namely,  low  barometric  pressure,  excess  of  humidity  of 
air,  and  a  temperature  low,  but  not  low  enough  to  com- 

*  Mr.  MUner's  experiments  on  the  weight  of  the  body  during  the 
various  months  of  the  year  amongst  the  convicts  at  Wakefield,  led  him 
to  the  following  conclusions  : — 1.  The  body  becomes  heavier  during  the 
summer  months,  and  the  gain  varies  in  an  increasing  ratio ;  2.  The 
body  becomes  lighter  during  the  winter  months,  and  the  loss  varies 
in  an  increasing  ratio  ;  8.  The  changes  from  gain  to  loss,  and  the  re- 
verse, are  abrupt,  and  take  place  about  the  end  of  March  and  the 
beginning  of  September. . 
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pensate  for  increase  of  heat  by  arrest  of  oxidation  or  by 
abstraction  of  heat. 

Dr.  Eichardson  has  accordingly  drawn  up  certain 
rules  for  the  guidance  of  surgeons  in  the  performance 
of  operations  which  will  admit  of  delay,  until  natural 
conditions  arise  favourable  to  operative  work,  whereby 
surgical  fever,  which  often  creates  such  fatality,  may  be 
prevented. 

The  time  is  favourable  for  operation — 

{a)  Wlien  the  barometer  is  steadily  rising. 

(6)   When  the  barometer  is  steadily  high. 

(c)  When  the  wet  bulb  thermometer  shows  a  read- 
ing of  five  degrees  lower  than  the  dry  bulb. 

{d)  When,  with  a  high  barometer,  and  a  difference 
of  five  degrees  in  the  two  thermometers, 
there  is  a  mean  temperature  at  or  above 
55'  Fahr. 

(e)  When  the  wind  is  west  or  north-west. 

The  time  is  unfavourable  for  operation — 

(a)  AVlien  the  barometer  is  steadUy  falling. 

Q))   When  the  barometer  is  steadily  low. 

(r)  When  the  wet  bulb  thermometer  approaches 
the  dry  bulb  within  two  or  three  degrees. 

{d)  Wlien,  with  a  low  barometrical  pressure  and 
approach  to  unity  of  reading  of  the  two 
thermometers,  there  is  a  mean  temperature 
above  45°  and  under  55°  Fahr. 

(e)  When  the  wind  is  south  or  south-west. 

Dr.  A.  Hewson  has  published*  the  results  of  the 
observations  made  in  the  Pennaylvanian  Hospital  by 

*  PennBylvanian  Hospital  Reports,  vol.  ii.  1869. 
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the  auTgeoDB,  on  the  relation  between  certain  meteoro- 
It^cal  conditions  and  the  mortality  after  bui^coI  opere- 
tioDB.  They  agree  in  the  main  with  the  conclnmons 
of  Dr.  Richardson,  and  elicit  the  additional  fact  that 
death  from  surgical  "  shock  "  is  associated  with  a  high 
barometrical  pressure  and  a  dry  air,  conditions  opposite 
to  those  accompanying  fatal  pysemia.  Dr.  Hewson 
writes,  "We  obtained  a  mortality,  when  the  operation 
was  performed  with  the  barometer  ascending,  of  10  7 
per  cent,  of  20'6  per  cent  with  it  stationary,  and  28'4 
per  cent  with  it  descending." 

2.  Smallpox  has  been  found  by  Dr.  Ballard*  in  Lon- 
don, and  by  Dr.  Wistiand  in  Sweden  (in  which  coimtry 
there  is  a  registration  of  disease),  to  prevail  more  from 
November  to  May,  than  from  May  to  November,  The 
former  physician  noticed  that  it  has  assumed  an  epidemic 
form  soon  after  the  mean  temperature  of  the  air  has 
persistently  fallen  below  50°  for  the  winter  season, 
and  has  begun  to  decline  in  May,  when  the  mean 
temperature  of  the  air  begins  to  rise  above  this  line, 
and  gives  place  to  higher  temperatures. 

The  curve  for  smallpox  in  London  for  a  period  of 
SmaHpoz — for  all  Aga  and  both  Stxta. 

Jul      Fab.     Umnh    April     Htj     Jnii*     Jolj     Aug.     Sopt.       Oct.      Kot. 
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thirty  years    (1846    to    18V4),   represented    in   Mr. 
Alexander  Buchan's  and  Dr.  A.  Mitchell's  interesting 

*  Uedicat  Timt*  and  Oautt*,  Htreh  Ilth  ud  ISth,  1871. 
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research  on  The  Influence  of  Weather  on  Mortality  from 
Different  Diseases  and  at  Different  Ages,  endorses  these 
views. 

The  dotted  line  represents  the  mortality  from  which 
that  of  the  abnormally  high  epidemic  of  1870-72  has 
been  withdrawn.  This  abstraction  has  simply  reduced 
the  sensitiveness  of  the  curve.  The  straight  black  line 
in  this  and  in  the  following  figures  containing  curves, 
indicates  the  mean  weekly  death  rate  on  an  average 
of  52  weeks.  The  curve,  as  it  rises  above  and  falls 
below  the  straight  black  line,  represents  the  average 
death  rate  of  each  week,  calculated  in  per  centages  of 
the  mean  weekly  death  rate  for  the  whole  year. 

Dr.  Moore  has  confirmed  these  observations  in  Dublin, 
where  a  well-marked  tendency  to  an  epidemic  was  noticed 
in  March  1871 ;  but  the  disease  appeared  to  be  kept  in 
check  by  the  increasing  temperature,  notwithstanding 
the  importation  from  England  of  many  cases,  until,  with 
the  advancing  autumn  it  blazed  into  an  epidemic.  He 
has  also  noticed^  that  abundant  rainfalls  seemed  to  be 
followed  by  remissions  in  the  severity  of  the  epidemic, 
and  that  the  acmd  of  the  epidemic  closely  followed  a 
period  of  comparatively  dry  weather  and  lower  humidity. 

3.  Measles, — Sydenham,  in  his  medical  observations,  MwMiei. 
states  that  cases  of  measles  are  generally  most  numerous 
towards  the  end  of  March,  and  that  they  then  gradually 
decline  in  number  and  disappear  by  midsummer.  The 
observations  of  Dr.  Kansome  and  Mr.  G.  V.  Vernon 
would  indicate  roughly  that  measles  increases  with  a 
fall  and  diminishes  with  a  rise  of  temperature  ;t  that 

•  Manital  of  Public  HeaXthfor  Ireland, 

f  "  On  the  Influence  of  Atmospheric  Changes  upon  Disease.*' — Pn>c, 
Lit.  PhU.  Soc.,  Manchester,  vol.  i.  Series  3,  1859  to  1860. 
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barometric  pressure  fluctuates  more  when  it  is  pteralent 
than  when  it  is  not  rife  ;  and  that  the  period  of  its  re- 
currence is  about  every  five  or  six  years* 

This  disease,  which  prevails  especially  duiing  the 
spring  and  Bumnier  quarters  of  the  year,  would  seem, 
according  to  the  observations  of  Drs.  Moore,t  Ballard,  J 
and  others,  to  be  unfavourably  influenced  by  a  temper- 
ature of  the  air  above  60°  in  summer,  and  to  be  checked 
by  a  fall  of  temperature  during  winter  below  42°. 

Its  mortality  is  governed  by  other  influences  than 
those  of  a  meteorological  nature.  Cieteris  paribus, 
measIeB  would  seem  to  be  more  destructive  amongst 
those  who  live  in  total  disregard  of  all  hygienic  rules 
than  amongst  those  who  obey  the  laws  of  health,  and 
to  be  more  fatal  to  native  tribes  amongst  whom  the 
disease  has  been  previously  unknown.  The  recent 
severe  epidemic  in  the  Fiji  Islands  affords  a  fresh  proof 
of  the  truth  of  this  last-mentioned  statement. 

The  measles  curve,  representing  the  fatality  in  Lon- 

MeasUa—jor  all  Ages  and  Mh  Sexes. 

Ju.      F«b.     ItAKh    April     M»r      Jnao      July    Aug.      Stpt,       Oct      IfOT. 


don  from  this  disease,  is  remarkable,  according  to  Mr. 
Buchan  and  Dr.  A.  Mitchell,  in  showing  a  double  maxi- 

*  "Epidemic  CjcIm."— ^rtf.  ifed.  Journal,  Sept.  1,  1877. 
t  Op.eU. 

X  Elcreoth  Beport  of  the  Medical  Officer  of  the  Privy  Conucil,  ISGS, 
No.  3,  pign  61-82. 
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The  Registrar-General  of  England  has  noted  a 
tendency  in  the  mortality  from  this  disease  to  increase 
in  Loiidon  during  the  last  six  months  of  the  year, 
attaining  a  maximum  in  December.  Dr.  Moore  has 
observed  it  always  to  be  most  prevalent  and  fatal  in 
Dublin  during  the  last  quarter  of  the  year.  Dr. 
Wistrand  considers  that  this  disease  is  most  prevalent 
in  Sweden  in  November,  and  least  so  in  August. 

The  habits  of  the  people  have  much  to  do,  doubt- 
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less,  with  the  determination  of  the  particular  time  of 
the  year,  when  the  impact  of  the  disease  is  most  felt 
My  own  experience  teaches  me  that  it  increases  with 
a  rising  temperature,  spreading  like  wildfire  in  very 
hot  weather  in  agricultural  villages,  during  the  times 
when  children  congregate  together,  as,  for  example, 
during  hay-making,  pea-picking,  gleaning,  hop-picking, 
and  school  fetes ;  and  that  this  highly  infectious  disease 
spreads  in  towns  and  cities  in  very  cold  weather 
amongst  the  poor,  who,  with  their  scanty  supplies  of 
fuel,  huddle  together  for  mutual  warmth,  diligently 
closing  every  chink  whereby  freeh  air  might  possibly 
enter  their  overcrowded  dwellings. 

The  thirty  years'  curve  for  London  would,  accord- 
ing to  Mr.  A.  Buchan  and  Dr.  A.  Mitchell,  show  the 
maximum  death-rate  to  occur  from  the  beginning  of 
October  to  the  end  of  November  (when  the  mean  tem- 
jKirature  of  the  air  of  London  is  482,  and  its  relative 
humidity  is  85),  and  the  minimum  to  be  in  March, 
April,  and  May  (during  which  months  the  mean  tem- 
perature of  the  air  of  London  is  47'3,  and  its  relative 
humidity  is  77). 

Searlatina — for  all  Ages  and  both  Sexes. 

Jul     Vtb.    IbKh    Iplll    Mir     Jmia      Jolf    Aug.      Sapt.      Oct.     Hot. 


The  curves  of  whooping-cough  and  scarlet  fever 
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bos 

ST. 


fonu  striking  contrasts,  the  maximum  for  whooping- 
cough  and  the  minimum  for  scarlet  fever  both  occurring 
in  spring ;  whilst  whooping-cough  reaches  its  TniniTniim 
in  autumn,  when  scarlet  fever  is  at  its  maximum.  As 
to  the  cycle  of  scarlet  fever,  Dr.  Bansome  has  noted  * 
that  a  small  wave  has  appeared  about  every  five  years, 
and  a  great  wave  every  fifteen  or  twenty  years. 

i  Typhus. 
6.  Fever, —  <  Enteric. 

(  Intermittent  and  continued. 

Typhus,  according  to  most  observers,  is  only  in- 
directly influenced  in  its  prevalence  by  temperature. 
When  the  weather  is  very  cold  cases  are  generally 
more  numerous,  because  the  overcrowding  and  the 
defective  ventilation  of  the  dwellings  of  the  poor  is 
worse  than  usual.  The  height  of  an  epidemic  has 
occurred  in  some  instances  during  hot  weather  (as,  for 
example,  in  Glasgow  during  July  1847). 


Typhus — for  all  Ages  and  both  Sexes, 

{BloxanCs  Method),  f 
Jan.     Feb.     March    April    May      June      July    Aug.      Sept.      Oct.      Not. 
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Fig.  40. 


Mr.  Buchan  and  Dr.  A.  Mitchell  remark  respecting 

•  Op,  cU. 

t  This  method  of  dealing  with  the  percentages  in  laying  down  the 

curves  is  convenient  in  arriving  at  an  approximately  true  average 

when  a  small  number  of  years  are  available,  as  in  the  case  of  typhus 

and  typhoid  figures  (for  which  diseases  figures  extending  over  six  years 
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the  London  curve — "  It  is  probable  that  this  curve  has 
two  maxima,  the  larger  in  the  early  months  of  the 
year,  and  the  smaller  in  the  height  of  sunmier." 

Enteric. — Autumn  is  generally  considered  the  season  Enteric  or 
par  excellence  for  the  development  of  this  disease,  hence  Jjjj^r!^* 
it  has  been  called  in  America  "  autumnal  or  fall  fever." 
It  would  be  more  correct  to  call  it  a  late  autumn  or 
winter-autumn  fever,  and  diarrhoea  a  summer-autumn 
complaint.  It  has  been  noticed  to  be  more  prevalent 
after  dry  and  hot  summers  than  after  those  which  are 
cool  and  wet.  Warm,  damp  weather,  in  autumn  and 
winter,  when  there  is  much  decomposition  of  vegetable 
matters,  is  favourable  to  an  outbreak.  Heavy  rains, 
by  cleansing  the  cdr  and  the  drains,  is  unfavourable  to 
its  appearance,  except  when  filth  is  washed  by  these 
downfalls  into  the  wells. 

The   London    curve    for   typhoid    fever   resembles 

Typhoid  Fever — for  all  Ages  and  loth  Sexes. 

(BloxanCs  Mdhod). 
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Fig.  41. 

that  for  scarlet  fever  as  to  the  period  of  its  maximum 
death-rate,  but  the  minima  of  these  two  diseases  widely 
differ  in  character  from  one  another. 

only  are  obtainable),  or  when  few  deaths  occur  from  any  particular 
disease,  such  as  gout  or  ague.  The  method  consists  in  assuming  the 
average,  for  instance,  of  the  second  week  of  January,  to  be  not  the 
actual  average  of  that  week,  but  the  average  of  the  first,  second,  and 
thinl  weeks  ;  the  average  of  the  third  week  is  assumed  to  be  the  aver- 
age of  the  second,  third,  and  fourth  weeks,  and  so  on. 


flip 
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gMi  Intermittent   Fever = Ague, — The  popular  idea  in 

aguish  districts  that  outbursts  of  this  disease  generally 
occur  when  sudden  changes  of  weather,  from  hot  to 
cold  or  the  reverse,  take  place,  and  especially  during 
the  prevalence  of  a  dry  east  wind  with  a  scorching  hot 
sun,  is  interpreted  by  the  knowledge  that  we  at  present 
possess,  as  to  the  tendency  of  such  meteorological  in- 
fluences to  conduce  to  the  congestion  of  the  liver,  the 
spleen,  and  other  internal  organs. 

(  Diarrhoea. 
7.  <  Dysentery. 
{  Cholera. 

HvrtioBa.  IHarrhosa, — The  following  memoranda  have  been 

offered  to  the  profession  by  Dr.  Eansome  *  respecting 
these  two  diseases : — 

A  mean  temperature  above  60  predisposes  to  this 
disease  when  contiDuous,  causing  a  rapid  in- 
crease iQ  the  number  of  cases.    A  temperature 
below  60  appears  to  be  unfavourable  to  its 
progress. 
yjHiaUarj,         Dysentery, — This  disease  seems  to  be  increased  by 
a  high  mean  temperature  and   diminished  by  a  low 
mean  temperature,  but  to  be  influenced  by  variations 
of  temperature  to  a  less  extent  than  diarrhoea.     High 
readings  of  the  barometer  are  nearly  always  accompanied 
by  diminished  prevalence  of  dysentery. 

Dr.  Moffat  has  expressed  the  opinion  that,  as 
regards  simple  diarrhoea,  there  is  a  decrease  in  the 
pressure  of  the  air  and  an  increase  in  the  force  of  the 
wind  on  the  days  on  which  diarrhoea  occurs,  and  to  a 
less  extent  on  the  days  after  its  occurrence. 

•  Op,  cU. 
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Dyivniery,  Diarrhaa,  and  Cholera — far  ail  Aget  and  both  Sexet. 

Ju.    Pab.    Mirch     April     lUr      Jima      Julj     Ang.       Sept.     Oat     Mm. 
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Cholera, — The  history  of  past  epidemics  has  gene- 
rally taught  us,  with  but  two  or  three  exceptions,  that 
the  mortality  from  this  disease  usually  increases  until 
September,  when  it  reaches  its  maximum,  after  which 
it  begins  to  decline.  A  sudden  diminution  in  the 
extent  of  its  ravages  is  often  ushered  in  by  some  great 
natural  cleansing  process,  such  as  a  storm  of  wind,  or 
heavy  downfall  of  rain,  or  sudden  descent  of  tem- 
perature diminishing  decomposition  of  organic  matters. 

The  London  curves  for  these  diseases  show  the  close 
relationship  that  the  progress  of  mortality  from  them 
bears  to  temperature.  The  speed  at  which  they 
suddenly  increase  during  the  hottest  weeks  of  the 
year,  and  rapidly  decline  on  the  fall  of  the  thermometer, 
is  very  striking. 

The  dotted  line.  Cholera,  No.  1,  indicates  the  fatality 
from  Asiatic  Cholera.  The  line  not  dotted,  Cholera 
No.  2,  represents  simple  or  British  cholera. 

The  maximum  and  minimum  of  diarrhoea  is  seen  to 
be  a  month  earlier  than  the  maximum  and  minimum 
of  dysentery. 

Mr.  Buchan  and  Dr.  A.  Mitchell  point  out  that  the 
four  curves  seem  to  group  themselves  in  pairs — diarrhoea 
and  British  cholera  on  the  one  side,  and  dysentery  and 
Asiatic  cholera,  which  pass  through  their  annual  phases 
a  month  later,  on  the  other. 
t^»  8.  Bronchitis,  Pneumonia,  and  Asthma, — These 
una.  diseases  are  greatly  influenced  by  mean  temperature. 
They  increase  in  prevalence  as  the  temperature  falls, 
and  diminish  as  it  rises.  The  London  curves  strikingly 
exemplify  this  fact 

The  percentages  of  the  mean  weekly  death  rate  at 
different  ages  are — 
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BroncMtis  is  thua  seen  to  be  most  fatal  to  children 
under  5  years,  and  to  the  old;  whilst  pneumonia, 
although  specially  fatal  to  children  below  this  age,  is 
of  rare  occurrence  amongst  the  ^ed. 

Broadiilie,  Fneuvumia,  and  Asthma — for  all  Ages  and  both  Sexes. 
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The  principal  maximum  of  pneumonia  in  November- 
December,  is  chielly  determined  by  the  large  number 
of  deaths  amongst  children  under  five  years,  whilst  the 
secondary  maximum  occurs  in  March.  Dr.  William 
tiquirc  does  not  apparently  recognize  the  existence  of 
two  maxima,  but  coiiteuda  that  the  annual  maximum 
of  pneumonia,  unlike  that  of  bronchitis,  is  always  in 
spring. 

y.  ridhisis  Puhnonalis. — This  disease  destroys,  on " 
an  average,   148  individuals   in   London  every  week, 
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and  its  fatal  assaults  are  directed  against  those  in  the 
prime  of  life,  differing  in  this  respect  entirely  from 
bronchitis. 

Phihisii — for  all  Ages  and  both  Sexes. 
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HnnwTha-  10.  H(B^n(yrThages,Apoplexy,Ahorti(m,andN 
Sralmd  — ^^  consequence  of  the  statements  of  Dr.  Moffat  as 
NeuraigiA.  to  the  important  effects  produced  by  jQuctuations  of 
atmospheric  pressure  on  these  diseases,  Dr.  Ransome 
made  an  enquiry  into  the  matter,  from  which  he  drew 
the  following  conclusions,  which  were  embodied  in  a 
paper  read  by  him  before  the  Manchester  Philosophical 
Society  : — ^ 

1.  That  a  high  degree  of  barometric  pressure  is 

favourable  to  the  production  of  neuralgias,  less 
evidently  so  to  apoplexies  and  other  haemor- 
rhages, and  that  abortions  are  not  shown  to  be 
afiected  by  it ; 

2.  That  increasing  readings  of  the  barometer  are  as 

frequently  accompanied  by  cases  of  these 
diseases  as  decreasing  readings ; 

3.  That  a  small  extent  of  diurnal  oscillation  of  the 

barometer  seems  to  be  favourable  to  neuralgias, 
no  effect  on  haemorrhages  being  traced  to  this 
source. 

Hydiopho-        11.  HydrophMa, — The  hot  '*  dog  days"  of  summer 

MA. 

•  "  On  Atmospheric  Pressure  and  the  Direction  of  the  Wind, 
in  Relation  to  Disease,  especially  Haemorrhages  and  Neuralgias.  ^ 
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are  generally  considered  to  be  those  during  which  this 
disease  is  most  prevalent,  and  this  ancient  belief  is 
justified  to  some  extent  by  facts,  although  we  must 
remember  that  it  shows  itself  to  be  independent  in  its 
spread  of  a  high  temperature,  as  the  following  curve  of 
the  mortality  in  London  during  30  years  proves. 

Hydrophobia — far  att  Ages  and  both  Sexes. 
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Fig.  45. 

The  number  of  cases  in  December  is  there  seen  to 
be  as  numerous  as  those  in  August.  More  persons  are 
doubtless  bitten  by  dogs  in  hot  weather,  because  dogs 
are  more  irritable  during  this  season.  We  want  an 
answer  to  the  query  as  to  the  percentage  of  c^es  of 
hydrophobia  in  those  who  are  bitten  in  each  month  of 
the  year,  before  we  can  determine  with  certainty  the 
influence  of  meteorological  conditions  on  the  disease. 

12.  Erysipelas  and  Putrperal  Fever, — The  curves  of  BiyiipeUM. 
mortality   for   30    years   in   London   from   these  two 
diseases,   wonderfully  resemble    each    other,  and    are 
highly    suggestive    of    a   more    intimate   relationship 
between  them  than  is  generally  conceded. 
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Fverperal  Fever  or  Meiria — for  all  Aget. 

{Blaxam't  MtOad). 

J>n.     Tab.     lUnli  lUj     JniM      Jnlr     Ans.      Bcpt.       OaL 


n«.«. 
13.  InsanUy. — The  London  cutvbs  for  diseases  i 
the  nervous  Bystem  are  interesting.     That  of  iTumnjj 
may  be  taken  as  a  sample  of  the  others. 

Insanity— for  all  Ages  and  both  Sexea. 

IBloaam'M  Mtthodj. 

Jan.     Fab.     Ifanh    April     H^     JiUM      Jnlj     Anc.      Scfib       Oct 


Flg.4S. 

This  curve  shows  three  maxima,  the  largest  being 
December  and  January,  the  next  in  June,  and  the  lea 
marked  in  March  and  April. 

14.  Rheumatism. — Rheumatic  fever  was  said  1 
Sydenham  to  be  most  common  during  the  autum 
The  London  curve  does  not  confirm  his  view. 

Rheumatism — for  aU  Ages  and  both  Sexes. 

Jm.     Ftb.    Mireh    April     Hay      June     Jolf     Au«.      Btpl.      Oct. 
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Sub-acute  rheumatic  affections  of  joints  would  seem 
to  be  more  uncomfortable  to  their  possessors  when  the 
barometer  is  low,  and  the  air  is  warm  and  moist^  and 
«  chronic  cold  rheumatic  affections  of  the  aged,  in  whom 
the  skin  is  inactive,  are  apparently  benefited  by  this 
"  muggy  "  condition  of  the  air.  Both  kinds  of  rheum- 
atic joints  are  incommoded  by  a  sudden  diminution  of 
pressure  and  perhaps  by  a  low  atmospheric  pressure. 
—  Vide  page  331. 

The  curve  of  pericarditis  closely  resembles  that  of  Perfcw- 
rheumatism,  as  every  medical  man  would   of  course 
conjecture. 

PerieardUi9—fof  all  Ages  and  both  Sexes. 
(BUkbcmCb  Method^. 

Jan.     Feb.    March   April    Maj     Jmia      Jolj    Aug.     Sept     Oct     Kot.    Dae. 
•P-ct  nil     I  I  II  I  I  MI  I  I  I 
a  Line 

>p.ct  Dl  1     111     MM     III     111     III 

Fig.  60. 

Before  concluding  this  sketch  of  the  influence  of 
meteorological  conditions  on  mortality,  it  would  be  in- 
structive to  consider  briefly: — (1)  The  influence  of 
weather  on  the  mortality  at  different  ages ;  and  (2) 
The  influence  of  weather  on  the  mortality  of  the  two 
sexes,  as  shown  by  curves  of  Mr.  Buchan  and  Dr. 
Mitchell,  for  the  30  years  period  in  London  1845  to 
1874. 

The   most   striking   fact    exhibited  in  Fig.  51  is,  Mortality 
that  the  large  excess  of  mortality  in  summer  is  due  to  .gea. 
the  deaths  amongst  children  under  one  year,  which  is 
showii  by  the  enormous  development  of  the  diarrhoea 
curve.     The  months  of  June  and  September  are  seen 
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have  B.  lower  death-rate  than  males  is  when  diseases 
of  the  nervous  system  are  most  fatal. 

Deaths  of  each  Sex  from  all  Causes — Maies  heing  repraenttd 
by  ike  solid  line,  and  Females  by  the  dolled  line. 


Ju.      Feb.    Htrch    April     Nit 


JoDe      JdIt     Aug.      Supt 


The  curve  of  the  mortality  of  each  aex  consists  of 
three  distinct  portions,  a}  a*  the  respiratory  disease 
mortality ;  b  b  the  nervous  disease  mortality,  and  c  the 
intestinal  disease  mortality.  The  respiratory  disease 
mortality  during  the  commencement  of  the  year,  a',  is 
higher  than  that  of  the  end  of  the  year,  after  undergo- 
ing this  excision,  because  it  is  held  up  by  the  two 
maxima  of  the  nervous  disease  mortality.  N'eorly  the 
-whole  of  the  intestinal  affection  mortality  is  created  by 
the  death  of  infants  under  one  year.  If  we  could 
diminish  the  mortality  to  any  considerable  extent  from 
these  three  kinds  of  disease,  namely,  the  respiratory, 
tlie  nervous,  and  the  intestinal,  tlie  curve  of  mortality 
would  become  very  much  flattened  and  approach  in 
appearance  the  curve  of  old  age.  Hero  the  end  gene- 
rally comes,  it  would  seem,  from  some  respiratory  affec- 
tion, fig.  53. 
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Old  Ag^—foT  ftoU  &z». 


No  more  apace  can  be  allotted  for  the  couside 
of  the  relations  of  atmospheric  states  and  cond 
of  the  air  to  cUseaBe,  as  it  is  necessary  to  descril 
mode  of  observing  meteorological  variationa  acci 
to  the  most  recent  and  approved  methods. 
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PART  IV. 

MODE  OF  OBSERVINQ  THE  METEOROLOGICAL  STATES  AND 
VARUTIONS  IN  THE  CONDITION  OF  THE  AIR. 

In  commencing  a  series  of  meteorological  observa- 
tions,  it  is  necessary  to  know  the  height  above  the  sea 
of  the  place  of  observation. 

This  is  readily  found  by  making  a  search  for  the 
nearest  bench  mark  of  the  Ordnance  Survey,  and 
ascertaining  by  a  rough  estimation,  or  by 
the  help  of  a  surveyor  and  his  spirit  level, 
the  difference  between  the  level  of  that 
bench  mark  and  the  station  where  our 
instruments  are  exposed.  As  the  publi-  Fig.64. 
cations  of  the  Ordnance  Survey  are  not  readily 
accessible,  it  will  afford  me  much  pleasure  to  give  any 
applicant  the  height  of  any  bench  mark 

The  hours  of  observation  that  are  best,  if  two  ob- 
servations are  taken  daily,  are  9  A.M.  and  9  p.m. 
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CHAPTER  XXXn. 

1. ^THE  ATMOSPHERIC  PRESSUKE. 


Barometen.  THERE  are  three  principal  classes  of  barometers — ^t 
syphon,  the  aneroid,  and  the  cistem.     The  wheel  baj 

y  meter,  so  common  in  the  passages  and  halls  of  hous 

'i  is  an  example  of  the  first  class,  and  is  useless   for  i 

scientific  purposes.  The  aneroid  is  not  a  thorougl] 
reliable  instrument,  unless  checked  frequently  by  mea 
of  a  good  mercurial  barometer.     It  varies  very  mu 

;■  in  excellence  according  to  the  skill  and  delicacy 

workmanship  bestowed  on  it.  Fortin's  cistem  bai 
meter  is  the  instrument  for  the  scientific  man.      T 

'  bulb  of  its  attached  thermometer  should  always  ent 

the  cistern.     A  long  strip  of  white  porcelain,  fixed 
the  board  at  the  back  of  the  scale,  facilitates  accura 

I  of  reading.     There  are  three  points  to  be  remember 

in  making  an  observation  with  one  of  these  instr 
ments,  and  they  should  be  attended  to  in  the  order 
which  they  are  mentioned. 

Firstly.  The  temperature  of  the  attached  the 
mometer  should  be  noted  and  recorded. 

Secondly.  The  screw  at  the  base  of  the  cistei 
should  be  adjusted  until  the  point  of  tl 
ivory  cone  visible  within  it  meets  the  reflei 
tion  of  the  same  that  is  seen  on  the  surface  < 
the  mercury.     A  piece  of  looking-glass  place 
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at  tbe  back  of  the  cistern  is  a  great  aid  to  the 
observei  in  dull  Treather. 


Thirdly.  The  Tender  should  be  adjusted  so  that  its 
lower  horizontal  edge  fonns  a  tan- 
gent to  the  conrez   curve  of   the 
mercurial  column,  and  not  an  arc  to 
that  curve. 

There  are  corrections  to  be  considered 
in  making  barometrical  observations,  namely, 
those  for  index  error,  capacity,  and  capil- 
larity, furnished  by  the  certificate  of  verifi- 
cation from  the  Kew  Observatory,  which 
should  accompany  every  good  instrument ; 
the  correction  for  height  above  mean  sea  g^^  ^^ 
level ;  and  the  correction  for  temperature. 

Three  simple  arithmetical  calculations  have  then  to 
be  made  for  every  reading. 

(a.)  Correction  of  Kew  certificate. 
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(&.)  Beduction  to  mean  sea-leveL 

(c.)  Beduction  to  32^  Fahr. 
AppUfltttioii        Tables  are  published  by  the  help  of  which  both  c 
2o^lS^     these  reductions  are  accomplished  easily  and  rapidly. 
'••<"»8».      Vide  Appendix.     For  example : — 

Observed  reading  ...  .  29*90 

Kew  correction      .....  ^-Ol 


29-88 


Deduct  temp,  correction  for  68*  F.  (attached  therm.) 

and  30  inches  •  .  .  .  ~*10i 


Beading  at  32'  F.  .  .  .  .  29*771 

Correction  for  height  (350  ft.),  the  air,  as  shown  by 

diy  bulb  therm.,  being  60*  F.  .  .  *         +*38( 

Observed  reading  corrected  and  reduced  to  32**  F.  at 

mean  sea  level  ....  30*1 51 

Adie's  barometers  are  useful  instruments,  in  whicl 
allowances  are  made  for  the  capillarity  and  capacit] 
errors  in  their  construction.  There  are  two  kinds,  cm 
adapted  for  a  house  or  observatory,  and  the  other,  the 
marine  variety,  which  will  work  eflSciently  when  exposec 
to  the  motion  of  the  ship. 

In  making  an  observation  with  an  Adie's   baro- 
meter, it  is  simply  necessary  to  read  the  height  by  the 
help  of  the  vernier,  and  apply  to  the  observed  reading 
the  necessary  corrections  for  height  and  temperature. 
JJ^^J^  The  exact  height  of  the  column  of  mercury  is  read 

thus : — 

In  Fig.  56  the  zero  of  the  vernier  is  on  a  level 
with  the  line  indicating  29^,  so  we  record  of  it 
29-50. 

*  A  lengthy  barometric  table  for  the  redaction  of  observations  to 
the  mean  sea  level  has  been  published  by  K  J.  Lowe  of  Nottin^am. 
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If  the  z»o  of  tlie  Temiei  and  the  scale  occnp^  such 
relative  positions  as  are  sketched  in  Fig.  67,  we  i«td  the 
harometer  to  one  thousandth  of  an  inch  in  this  way : 

1.  We  see  that  the  reading  is  wnnewhere  between 

29  and  30,  so  we  write  down  29.  • 

2.  We  perceive  that  the  zero  of  q 

the  vernier  is  on  a  level  with 
a  part  of  the  scale  somewhere 
between  1  and  2  tenths, 
counting  upwards,  and  that 
it  is  more  than  1  ^  or  *1 6,  so 
we  write  down  29'15. 

3.  We  then  glance  down  at  the 

subdivisioQB  of  tenths  on  the 

scale  and  on  the  vernier,  in 

order  to  discover  which  sub- 
division of  the  scale  lies  in 

one  and  the  same  straight 

line,  with   a  subdivision  on 

the  vernier.  In  the  accom- 
panying example  we  perceive 

that  this  takes  place  at  the 

line  on  the  vernier  just  above 

figure   3,  namely,  at   -034, 

which,  when  added  to  the 

scale  reading  29-15,  equals 

29-184,  which  we  call  the 

observed  reading. 
With  a  little  practice  barometer  "*  "- 

readings  to  the  1000th  of  an  inch  ^'^^O.^^JJ::,"^ 
can  be  taken  with  the  greatest  ease  uxi  a  b  u  um  lUdisg 
and  rapidity.  "' 

It  is  occasionally  desirable  to  ascertain  whether  the 
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space  above  the  mercurial  column  is  devoid  of  air.  1 
gently  inclining  a  barometer,  so  as  to  alloi^r  the  oolmo 
of  mercury  to  strike  against  the  top  of  the  tube, 
sharp  metallic  click  should  be  heard.  If  such  a  soul 
is  not  audible,  air  is  present  where  a  vacuum  shoal 
exist.  If  the  air  cannot  be  expelled  by  inverting  tl 
barometer,  it  should  be  taken  to  an  instrumei 
maker. 


\\ 
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CHAPTER  XXXIII. 

2. THE  TEMPERATURE  OF  THE  AIR. 

The  thermometers  required  are  the  following  : — 

1.  The    dry    bulb   thermometer   of    Mason's    hygro-  Thennome- 

meter,  described  on  page  379,  furnishes  the  tem-  **^ 
perature  of  the  air  in  shade. 

2.  A  mercurial  maximum  self-registering  thermometer, 

for  indicating  the  highest  temperature  reached  by 
the  air  in  the  shade.  I  prefer  the  pattern  made 
by  Negretti  and  Zambra,  but  those  of  other 
makers  are  very  good.  The  maximimi  tempera- 
ture of  the  twenty-four  hours  generally  occurs 
al)out  3  P.M. 

3.  A  self -registering  minimimi  thermometer  for  record- 

ing the  lowest  temperature  of  the  air  in  shade, 
^lany  attempts  have  been  made  to  manufacture 
mercurial  minimum  thermometers — (a)  Because 
in  spirit  minimimi  thermometers  there  is  a  ten- 
dency to  the  evaporation  of  the  spirit,  and  a  con- 
densation of  it  at  a  distance  from  the  column, 
and  to  the  breaking  up  of  the  column  into  dis- 
tinct portions;  (b)  It  would  be  desirable,  if 
possible,  to  employ  the  same  fluid  mercury  for 
registering  minimum  temperatures  as  that  for 
recording  maximum  and  other  temperatures. 


1^1 
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Casella's  mercurial  self-roistering  Tm'niTpiiTn  tl 
mometers  axe  most  beautiful  instruments,  but  can 
be  recommended  for  general  use,  as  they  require  i 
most  delicate  manipulation,  and  they  cannot,  it  appa 
be  made  so  as  to  stand  wear  and  tear.  I  have  1 
one  in  use  for  many  years,  and  it  has  never  once  be 
deranged  in  its  action,  but  it  was  selected  from  amouj 
many.  N^retti  and  Zambra  have  sold  for  years  a  m 
curial  minimum  thermometer  with  a  bulb  of  very  lai 
dimensions.  This  firm  has,  I  believe,  improved  upon 
and  recently  patented  another,  which  I  have  not  ] 
seen  or  tested.  The  extra-sensitive  self-roistering  spi 
minimum  thermometer  of  Casella,  with  a  forked  bu 
is  an  excellent  instrument  If  the  column  of  spi 
should  happen  to  separate,  it  can  be  reunited  by  taki 
the  thermometer  in  the  hand  farthest  from  the  bu 
and  giving  it  one  or  two  sharp  swings.  The  therm 
meter  should  then  be  himg  in  a  slanting  position, 
as  to  allow  the  rest  of  the  spirit  still  adhering  to  t 
sides  of  the  tube  to  drain  down  to  the  coliunn. 
this  method  of  restoring  union  is  unsuccessful,  gent 
heat  should  be  applied  very  carefully  to  the  end  of  tl 
tube  where  the  detached  portion  of  the  spirit  is  lodge 
so  as  to  drive  it  towards  the  column. 

The    minimum   temperature   of   the    twenty-foi 

hours  generally  occurs'  some  time  before  the  sun  rise 

The  mean     The    mean   temperature   is    calculated  by  taking   tl 

tue.  average  of  the  maximum  and  minimum  readings,  whic 

is  so  near  the  true  mean  as  to  be  practically  correc 

It  is  almost  as  important  from  a  public  health  poir 

ite  dtiiy      q{  view  to  uote  the  daily  range  of  temperature  as  t 

observe  the  extremes  to  which  the  temperature  occa 

sionaUy  reaches.     The  mean  daily  range  of  tempera 
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ture   18    obtained    by   deducting  the    average    daily 
maxima  from  the  aven^  daily  minima  temperatures. 

The  thermometers  which  have  been  adverted  to  ti 
being  employed  to  indicate  the  temperature  of  the  air 
in  the  shade,  it  is  necessary,  if  we  would  obtain  correct 
information,  to  protect  them  &om  the  sunlight,  wet, 
etc.,  whilst  at  the  same  time  permitting  the  freest 
access  of  air.  Accordingly,  cases,  called  thermometer 
stands,  of  which  there  is  a  great  variety,  are  employed, 
in  which  the  instruments  are  suspended.  There  are 
Lawson'a,*  Glaiaher'8,t  Martin's,!  James', §  Morris', || 
Stevenson's,  IT  Griffith's,  ^  Stew's,  IT  Welsh's  Kew  stan- 
dard,** Pastorelli's,**  and  the  Meteorological  Society's 
stand. 

The  last  named,  which  appears  to  be  the  outcome 
of  an  investigation  into  the  relative  merits  and  demerits 
of  all  the  existing  thermometer  stands,  most  resemblea 
Stew's,  but  is  superior. 


ng.118. 

■  DeKribcd  in  Jttl.  it«g.,  Oct.  lass,  page  127. 
t  DfK'ribnl  in  XtL  ilag^  Ifov.  ISeS,  page  165. 
}  Deauribed  in  Mtt.  Mag.,  Dec  ISSS,  page  16S. 
%  Di'DcHbnl  in  Met.  Mag.,  Dec  1S68,  page  170. 
U  DuHcrib«a  in  Mei.  Mag.,  Jan.  1880,  page  137. 
t  DuKribud  in  Mtt.  Mag.,  Feb.  1809,  pages  1,  2,  3,  and  4. 
*'  Described  in  Mtl.  Mag.,  ibrcb  186B,  page*  17,  IB,  ul  10. 
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or  south,  tbe  thennometers  are  liable  to  receive  a  wetting. 
Thermometer  atanda  should  alwayB  be  fixed  in  an  open 
place,  far  away  from  buildings  and  trees,  so  as  to  face  due 
north,  and  30  that  the  bulbs  of  the  thermometers  shall 
be  at  a  distance  of  exactly  4  feet  above  the  groxmd. 

4.  Solar  Maximum  Jtaduition  Themwmeter. — Com-  so 
parative  observations  with  solar  radiation  thermometers 
have  been  in  the  past  distinguished  for  their  discre- 
pancy, due  in  part  to  imperfect  construction  of  the 
instrument,  and  partly  to  the  want  of  uniformity  in 
mounting  and  observing  it 

The  most  modem  and  best  thermometer  of  this 
class  has  its  bulb,  and  one  inch  of  its  stem  of  a  dull 
black.  Ite  jacket  is  provided 
at  each  extremity  with  a 
platinum  wire  to  test  by  the 
aid  of  a  BuhmkorfiTs  coil  the 
degree  of  rarefaction  of  the  air. 
If  the  interior  of  the  jacket 
be  perfectly  clean,  free  from 
moisture,  and  sufBciently  ex- 
hausted, a  pale  white  phosphor- 
escent light,  with  faint  atratifi- 
ficatioQS  and  an  appearance  of 
transverse  bands  will  be  visible. 
Mr.  Stow  has  drawn  up  the 
following  suggestions  for  ob- 
servers, which  have  been  abnost 
universally  adopted ; — 

1.  Adjust  the  instrumentfour 

feet  above  the  ground  ^   g, 

in  au  open  space, with 

its  bulb  directed  towards  the  S.  E      It  is 
2b 
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Terrestrial 
Minimnm. 


necessary  that  the  globular  part  of  the  exte^ 
nal  glass  should  not  be  in  contact  with,  or 
very  near  to  any  substance,  but  that  the  air 
should  circulate  round  it  freely.  Thus  placed, 
its  readings  will  be  affected  only  by  direct 
sunshine,  and  by  the  temperature  of  the  air. 

2.  One  of  the  most  convenient  ways  of   fixing  the 

instrument,  will  be  to  allow  its  stem  to  fit 
into  and  rest  upon  two  little  wooden  collais 
fastened  across  the  ends  of  a  narrow  slip  d 
board,  which  is  nailed  in  its  centre  npon  a 
post,  steadied  by  lateral  supports. 

3.  The  difiference  between  the  maxima  in  sun  and 

shade  is  a  measure  of  the  amount  of  solar 
radiation. 
It  has  been  found  that  solar  radiation  attains  its 
maximum  in  most  parts  of  the  country  during  May, 
and  its  minimimi  during  December,  and  that  it  is 
greater  on  the  western  than  on  the  eastern  side  of 
England.* 

5.   Terrestrial  Minimum  Thermometer. — The  spirit 


a »g  ■    ■" 


Casdla\  Louion. 


minimum  with  a  bifurcated  bulb,  exactly  similar  to  the 
minimum  thermometer  for  shade  temperatures,  with  a 


•  Vide  "  Solar  Radiation  1869-74,"  by  Rev.  F.  W.  Stow,  in  Quar- 
terly Journal  of  Meteorological  Society,  October  1874. 
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substitution  of  a  jacket  for  protection  in  place  of  a 
porcelain  scale  and  haid  wood  back,  is  an  excellent 
instrument. 

This  thennometer  is  exposed  on  grass  whicli  is 
kept  closely  cut,  and  should  be  surrounded  by  some 
arrangement  for  protecting  it  from  dogs  and  otber 
animals.  A  circular  -wire-fence,  similar  to  that  de- 
picted in  Fig.  63,  is  the  best  withTbich  I  am  acquainted. 

Tbe  obscurity  produced  by  a  condensation  of  moist- 
ure within  the  jacket^  and  the  destruction  of  the  material 
employed  for  rendering  the  divisions  on  the  stem  dis- 
tinct from  the  same  cause,  have  sorely  troubled  observers 
in  the  past. 


As  received  from  the  instrument  maker  a  terrestrial 
minimum  thermometer  is  generally  attached  to  its 
jacket  by  a  stuffing  of  strips  of  india-rubber. 

Many  remedies  have  been  proposed.  A  packing  of 
chloride  of  calcium,  or  of  putty  and  sealing  vaz,  or  a 
bored  coik  painted  over  on  its  exterior  with  2  or  3 
layers  of  asphalte,  or  an  air-tight  ground  joint  Some 
have  bored  a  hole  at  the  closed  end  of  the  jacket,  and 
others  have  discarded  the  jacket  altogether. 

I  would  recommend  that  this  last  named  plan  be 
adopted,  or  that  a  bored  india-rubber  cork  be  employed, 
painted  externally  with  several  coats  of  asphalte,  or 


372 


THE  TEMPERATUBE  OF  THE  AIR. 


Teriflcation 
of  Thenno- 
meten. 


that  tiie  thermometer  be  fitted  to  the  jacket  lik 
stopper  to  a  bottle.  In  either  case  the  markmgs 
the  stem  should  be  rendered  indelible  in  the  ihat 
described  on  page  376. 

Every  thermometer  should  be  numbered  and  gn 
ated  on  the  stem,  and  should  be  verified  by  compar 
with  standard  instruments. 

A  special  department  at  the  Kew  Observe 
occupies  itself  with  the  verification  of  meteoiolo^ 
instruments,  charging  a  small  fee  for  the  labour, 
one  should  buy  a  thermometer  or  barometer  unles 
is  provided  with  a  recent  certificate  of  the  verificai 
of  the  same. 

Proof  of  the  Necessity  for  the  Verifieaiion  of  T 
mameters, — The  inaccuracies  in  the  readings  of  tl 
mometers,  which  render  a  verification  of  all  a  necesc 
are  due  partly  to  the  difference  in  the  diameter  of 
bore  tliroughout  their  entire  length,  which  defect  app< 
to  be  inseparable  from  their  manufacture,  and  partly 
the  tendency  which  thermometers  have  to  read  hig 
from  age. 

It  is  sometimes  diCBcult  indeed  to  find  two  thennoi 
ters,  out  of  a  large  number,  that  read  exactly  alike.  H 
is  a  certificate  of  verification  from  the  Kew  Observatc 
which  belongs  to  a  thermometer  in  my  possession :- 


At  32° 

0-0 

„   42« 

0-0 

„   52° 

+  0-1 

„    62° 

—0-1 

.,    72« 

+  0-1 

JV.J5. — When  the  sign  of  the  correction  is  +  i 
quantity  is  to  be  added  to  the  observed  scale  readii 
and  when  —  to  be  subtracted  from  it 
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They  may  in  truth  be  likened  to  human  faces,  for 
scarcely  two  are  to  be  found  veiy  closely  resembling 
one  another.  Dr.  Prior,  of  Bedford,  in  a  paper  on 
"  The  Thermometer  in  Disease,"  read  before  the  South 
Midland  Branch  of  the  British  Medical  Association  in 
1867,  relates  an  experiment  of  comparison  which  he 
made  with  five  thermometers,  three  of  them  being 
medical  instruments.  He  placed  them  all  in  water  at 
a  temperature  of  105"  or  106**,  and  allowed  it  gradu- 
ally to  cool.  The  residt  is  here  given  in  his  own 
words :  "  No  two  of  them  precisely  corresponded  at 
any  time."  A  mercurial  maximum  thermometer  was 
some  time  ago  purchased  by  one  of  my  fiiends,  of  each 
of  the  most  eminent  meteorological  instrument-makers. 
They  were  compared  together,  and  all  found  to  differ 
from  each  other. 

Mr.  Alexander  Buchan  states  *  that  he  recently  com- 
pared a  number  of  first-class  high-priced  thermometers, 
every  one  of  which  was  bom  1*2**  to  1*7**  too  higL 

Some  thermometers  have  been  offered  to  the  public 
with  the  assurance  that  "  every  instrument  is  carefully 
verified  by  a  Kew  standard  thermometer;"  which  simply 
means  a  well-made  thermometer  that  has  been  verified 
at  the  Kew  Observatory — one,  in  fact,  whose  errors  are 
known.  A  thermometer  which  had  been  thus  verified 
has  recently  been  sent  by  me  to  this  observatory.  The 
certificate  returned  with  it  contained  the  following  cor- 
rections : — 

At  90»  .  .  .  —0-2 
„  QS**  .  .  .  —0-2 
„  100'  .  .  .  —0-1 
„  106*  .         .      —00 

J 

*  Handy  Book  of  MeUoTology,     Blackwood.    1867. 
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■    I 


■    i' 


lit 


!• 


At 

86- 

99 

90** 

» 

96' 

»> 

100' 

Another  thermometer  sent  out  by  a  difFerent  ma] 
is  in  my  possession,  which  was  "  guaranteed  accxm 
in  its  indications,  having  been  compared,  d^ree 
d^ree,  with  a  standard  thermometer  verified  at  Kc 
It  is  about  '4  of  a  degree  in  one  part  of  the  scale,  a 
*5  in  another  part,  higher  than  is  correct 

Here  is  the  certificate  of  a  third  thermometer,  wh 
was  supposed  to  be  perfectly  accurate  before  retun 
from  the  Kew  Observatory : — 

.    — 0-3 
.    —0-4 

.     —0-6 
.     —0-4 
,,106'  .         .     —0-4 

It  is  not  by  any  means  an  easy  matter  to  vei 
thermometers  with  precision.  The  verification  can  oi 
be  satisfactorily  conducted  by  means  of  instnune 
specially  adapted  for  the  purpose,  such  as  are  to 
found  in  the  great  observatories. 

It  should  be  done,  moreover,  with  the  greatest  cf 
by  men  who  are  accustomed  to  the  work. 

The  following  memoranda,  which  were  published 
a  paper  ♦  read  before  the  British  Medical  Associat: 
in  1869,  may  be  advantageously  repeated : — 

(a.)  Mercurial  thermometers  which  are  two  or  tt 
years  old  are  always  to  be  preferred. 

(J.)  No  instrument  should  be  purchased  without 
certificate  from  an  observatory  of  its  rea 
verification. 

Mercurial  thermometers  are  liable  to  read  higl 
than  is  correct  through  age ;  and  this  change  especiaJ 

*  "  Remarks   on    Clinical   Thennometers." — Medical    Timss  a 
ChaeUe,  Oct.  16, 1869. 
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occurs  during  the  year  or  two  immediately  succeeding 
their  period  of  construction.  The  bulb  having  been 
formed  by  the  action  of  heat,  undergoes  contraction 
after  its  manufacture,  the  fibres  of  the  glass  taking 
some  little  time  to  assume  their  permanent  position. 
Hence  it  has  been  usual  amongst  some  makers  of 
meteorological  instruments  to  lay  down  their  ther- 
mometers, like  their  port,  for  improvement  with  age, 
before  engraving  the  scale  on  their  stems.  "  By  quite 
a  recent  discovery  in  the  manufacture  of  these  instru- 
ments,'' writes  one  who  sells  thermometers,  "  the  glass 
bulb  of  the  thermometer  is  reduced  to  its  ultimate 
degree  of  contraction  before  the  stem  is  divided,  thus 
obviating  the  necessity  of  keeping  the  tubes  filled  for 
the  space  of  one  or  two  years  before  dividing  them, 
and  rendering  it  possible  to  make  an  absolutely  accu- 
rate instrument  in  a  week."  With  the  object  of  ascer- 
taining the  truth  of  this  statement,  I  made  a  careful 
examination  of  one  of  these  thermometers,  and  dis- 
covered that  it  was  incorrect.  Its  readings  were  about 
two-fifths  of  a  d^ree  too  high. 

The  verification  of  a  two  or  three-year-old  mercurial 
thermometer  at  an  observatory  should  not  be  relied  on 
as  a  guarantee  of  the  perpetual  accuracy  of  an  instru- 
ment. The  authorities  of  the  Kew  Observatory  conse- 
quently append  to  their  certificates  the  following 
amidst  other  notes : — "  This  instrument  ought,  at  some 
future  date,  to  be  again  tested  at  the  melting-point  of 
ice,  and  if  its  reading  at  that  point  be  found  different 
from  that  now  given,  an  appropriate  correction  ought 
to  be  applied  to  all  the  above  points." 

The  markings  on  the  stem  of  thennameteis  which  ifukiiwi  or 
indicate  the  degrees  and 
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ingly  apt  to  crumble  away  and  disappear  after  but  a 
short  exposure  to  the  air,  for  the  reason  that  instra- 
ment  makers  do  not  know  of  a  durable  compositiQD 
with  which  to  form  them.  The  markings  of  the  divi- 
sions may  be  replaced  by  the  observer  in  either  of  the 
following  modes : — 

The  stem  of  the  thermometer  having  been  thoroughly 
cleansed  by  scrubbing  it  with  an  old  tooth-brush  dipped 
in  a  mixture  of  strong  aqueous  caustic  soda  and  methy* 
lated  spirit  in  equal  proportions,  is  washed  with  wat^ 
and  dried.  Silicate  of  soda  is  mixed  with  water  suf- 
ficient to  produce  a  syrupy  solution.  A  little  of  this 
"fluid  is  mingled  with  some  lampblack,  so  as  to  form  a 
paste,  which  is  brushed  over  the  divisions  as  a  coating. 
The  thermometer  is  rolled  between  a  flat  piece  of  wood 
and  a  strip  of  cardboard,  so  as  to  remove  all  of  the 
black  coating  ftom  the  stem  except  that  which  jSUs  the 
grooved  lines  of  the  divisions.  By  means  of  another 
brush  dipped  in  the  clean  syrupy  solution,  a  coating 
of  this  artificial  glass  is  rapidly  spread  over  the  whole 
of  the  stem  of  the  thermometer,  which  is  then  allowed 
to  dry. 

Some  mix  with  the  syrupy  solution  of  sodic  silicate 
some  common  precipitated  manganic  dioxide,  to  which 
a  little  lampblack  has  been  added. 

Others  smear  over  the  scale  of  divisions  on  the 
stem  some  compound  of  lead,  converted  into  a  paste 
with  a  solution  of  silicate  of  soda.  The  paste  which 
does  not  fill  the  lines  is  rapidly  removed  by  rubbing 
the  stem  of  the  instrument  between  two  smooth  sur- 
faces. The  divisions  containing  the  paste  are  then 
brushed  over  with  a  httle  ammonium  sulphide,  which 
forms  with  the  lead  the  black  sulphide  of  lead. 
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CHAPTEE  XXXIV. 

3. THE  HYGROMETRIC  CONDITION  OF  THE  AIR. 

The    hygrometric  state  of  the  air  is  determined  by  Mototow  of 
— Is^.  An  estimation  of  the  amount  of  water  which  ^  j^^^, 
reaches  the  earth  in  the  form  of  rain,  hail,  snow,  and  o«ng«,  Hy- 
fog ;  and  2d,  A  consideration  of  the  indications  of  the  and  spectro- 
hygrometer,  an  instrument  for  determining  the  amount  "'^^'^ 
of  aqueous  vapour  present  in  the  air,  near  the  surface 
of  the  earth. 

The  amount  of  moisture  in  the  higher  and  distant 
strata  of  the  atmosphere  may  be  roughly  indicated  by 
the  degree  of  development  of  the  atmospheric  lines  of  the 
solar  spectrum,  close  to  D,  on  its  red  side  and  c\  as 
seen  by  a  simple  waistcoat-pocket  spectroscope.* 

The  degree  of  humidity  of  the  air  is  affected  by 
many  circumstances — such  as  direction  of  the  wind, 
temperature,  season  of  the  year,  distance  &om  masses 
of  water,  and  configuration  of  the  land  over  which  it 
lies. 

Belative  humidity  at  Halle,  found  by  Kamtz,t  as  a 
mean  of  several  years'  observations,  during  each  month  . 
of  the  year,  and  for  each  wind : — 

*  An  article,  entitled  *'  Rain-Band  Spectroscopy/'  by  Profesnor  P. 
Smyth,  in  the  Trans,  Scottish  Meteor,  Sac,  Noa.  61-54,  containa  some 
information  on  this  subject  very  useful  to  thoae  who  have  not  worked 
at  the  spectroscope  in  connection  with  meteorology. 

t  Cvurs  Compla  de  Mit6orologie,  p.  92. 
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j™. 

Fob. 

H«. 

ipriL 

Umj. 

Jiia*. 

Jnlj, 

Aug. 

Sept. 

Oct 

Rot. 

SM. 

SG'O 

7»-9 

78'* 

711 

8B-J 

69-7 

86-6 

«0 

72-8 

78-9 

Sfi-S 

Hi 

In  Halle  December  has  most  humid  air,  and  August 
the  driest. 

N.      78-6  S.        73-6 

N.E.  77-6  aw.    74-8 

E.      730  W.       74-4 

S.E.  74-8  N.W.   76-5 

A  Bain  Gauge,  quite  good  enough  for  all   practical 

puiposea,  can  be  purchased  for  about  balf-a-guinea,  the 

glass  measure,  ■which  is  divided  into  j^tha  of  an  incb, 

being  included. 

It  should  be  fixed,  by  means  of  four  or  more 
wooden  stakes,  firmly  into  the  ground,  so  that  its  sum- 
mit is  12  inches  above  the  surface.  The  farther 
removed  the  site  is  from 
buildings  and  trees  the  bet- 
ter. It  should  always  te 
as  far  from  a  neighbouring 
object  as  that  object  is  high. 
Snow  should  be  melted  be- 
fore it  is  measured. 

Printed    directions     for 
making  observations  gener- 
ally  accompany    these    in- 
struments.     Any   informa- 
tion as  to  the  estimation  of 
the  rain  is  freely  given  by 
Mr.    Symons,    of    Camden 
Square,  London,  who  is  at  the  head  of  all  rainfall  regis- 
tration in  this  country.     The  form  for  the  registration 
ia  to  be  found  in  the  Appendix. 


Biin  Osage.    Pig.  M. 
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Dr.  French,  the  late  Medical  Officer  of  Health 
for  Liverpool,  was  strongly  impressed  with  the  belief 
that  there  is  an  inverse  ratio  between  the  rainfall  and 
the  amount  of  mortality  from  infantile  summer  diarrhoea. 
If  this  disease  is  dispersed,  or  rendered  less  virulent 
by  an  excessive  rainfall,  it  is  often  superseded  by 
catarrhal  and  rheumatic  affections,  which,  although  less 
mortal,  are  often  exceedingly  intractable,  and  sometimes 
lead  to  serious  results. 

The  amoxmt  of  aqueous  vapour  present  in  the  air  is 
determined  by  instruments  ccdled  hygrometers,  of  which 
there  is  a  great  variety. 

Reynault's  and  Mason's  hygrometers  are  generally  Hypo- 
preferred  ;  but,  as  the  working  of  the  former  instrument 
with  ether  and  an  aspirator  is  troublesome,  the  latter 
has  almost  entirely  supplanted  it  in  every-day  practice. 
It  consists  of  two  verified  thermometers,  fixed  side  by 
side ;  the  bulb  of  one  being  kept  always  damp  by  a 
covering  of  muslin  connected  with  a  little  reservoir  of  dis- 
tilled water  by  means  of  a  lamp  wick.  Great  mistakes 
are  commonly  made  in  the  adjustment  of  the  muslin, 
lamp  wick,  and  water  reservoir.  I  have  seen  a  hygro- 
meter in  the  observatory  of  a  Philosophical  Society 
with  the  wet  bulb  arranged  in  the  manner  here  depicted : 


moten. 


The  Improper  Mode. 


Mimu'i 
Hygrometer. 


Fig.  65. 
Bolbe  of  MAioa't  Hygrometen. 


WE 

The  Proper  Mode. 
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In  the  first  sketch  the  vet  bnlb  is  smotherei 
vet  muslin,  to  which  is  attached  a  piece  of  lamp  i 
as  lai^  as  one's  little  finger,  irhilst  close  below 
bulb  is  an  open  vessel  full  of  water.  Every  provi 
would  seem  to  be  made  here  for  producing  an  artifi 
local  dampness  of  air  around  the  bulb,  and  for  rendei 
it  simply  impossible  that  the  thermometer  should  le 
furnish  us,  by  indicating  the  temperature  of  an  eva] 
ating  surface,  with  the  true  hygrometric  state  of  the 
in  the  neighbourhood. 

The  finest  musUn,  which  generally  contains  sta 
should  be  boiled  in  distilled  water  to  extract  it.  La 
wick  should  be  boiled  in  distilled  water  and  a  li 
carbonate  of  soda  to  remove  all  grease.  The  smal 
thread  of  lamp  wick  that  will  keep  the  musUu  ] 
manently  damp  should  be  employed,  and  the  li 
reservoir  of  water  should  be  fixed  away  from  the  b; 
so  as  not  to  create  a  local  artificial  climate. 

The  first  drawing  represents  the  ignorant  and  ci 
less  use,  and  the  second  drawing  the  intelligent  empl 
ment,  of  the  hygrometer. 

The  hygrometer  is  fixed  against  a  thin  board  t 
occupies  the  centre  of  the  thermometer  stand,  I 
the  other  shade  thennometers  it  should  face  the  noi 
If  the  air  is  saturated  with  moisture  there  is  little 
any,  difference  between  the  readings  of  the  dry  i 
wet  bulb  thermometers.  The  readings  of  the  wet  b 
are,  as  a  rule,  lower  than  those  of  the  dry  bulb  th 
mometer.  The  generally  accepted  statement  that  : 
greater  the  diSerence  between  the  diy  and  wet  buJ 
the  less  is  the  amount  of  watery  vapour  present  in  i 
air,  requires  some  qualification. 

An  increase  of  temperature,  by  expanding  the  i 
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and  thus  separating  the  particles  farther  from  each 
other,  increases,  whilst  a  fall  of  temperature,  by  draw- 
ing them  closer  together,  diminishes  the  capacity  of  the 
air  for  moisture.  Air  of  a  temperature  of  57*2  dry 
bulb,  and  51  wet  bulb,  with  a  relative  humidity  of  64, 
may  contain  exactly  the  same  amount  of  vapour  in 
grains  per  cubic  foot  (3*4),  as  air  of  a  temperature  of 
70*5  dry  bulb,  and  56*8  wet  bulb,  with  a  relative 
humidity  of  42.  The  semi-diurnal  rise  of  temperature 
is  more  frequently  accompanied  by  an  increased  capacity 
of  the  air  to  absorb  moisture,  than  an  actual  increase 
in  its  amount. 

The  relative  humidity  of  or  percentage  of  moisture 
in  the  air,  is  afforded  by  reference  to  a  table  in  the 
Appendix.  * 

One  of  the  best,  if  not  the  best,  hygrometer  for 
popular  use,  as  it  requires  no  tables  and  calculations, 
is  one  that  was  designed  by  Mr.  Lowe  of  Boston,  U.S., 
and  is  employed  in  France.  It  is  especially  adapted 
for  the  sick  room,  as  it  can  be  easily  managed  by  an 
intelligent  nurse  in  accordance  with  the  instructions  of 
the  physician.     Fig.  66. 

It  consists  of  two  thermometers  precisely  alike, 
the  bulb  of  one  being  dry  and  the  other  kept  always 
moist  On  the  inner  side  of  the  dry  bulb  scale  is  a 
tliird  scale,  on  which  two  indices  move  up  and  down. 
In  the  central  portion  of  the  lower  part  of  the  hygro- 
meter is  a  screw  head  with  a  pointer  attached  to  it. 

*  The  fullest  information  as  to  the  use  of  Mason's  hygrometer,  and 
the  calculation  of  the  dew  point,  etc,  is  to  be  found  in  James  GlaiBher*s 
Hygrometric  Tables,  adapted  to  the  dry  and  wet  bulb  thermometers. 
8d  edition.     Taylor  and  Francis,  Fleet  Street,  London. 

The  tables  prepared  by  William  Bone,  which  are  obtainable  irom 
Negretti  and  Zambra,  are  also  useful. 
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By  the  help  of  the  vertical,  oblique,  and  horizontal  linei 
the  relative  humidity,  dew  point,  and  elastic  force  of 
vapour  of  the  air  may  be  seen  at  any  moment  at  i 


FIB.H. 

glance.  The  instructions  aa  to  the  mode  of  working 
the  instrument  are  thus  given  in  the  Meteorological 
Magazine  of  December  1877  : — 

"  (1)  Bead  the  dry  bulb  thermometer  and  raise  the 
screw  head  in  order  to  set  the  upper  index  on  the 
exba  scale  at  the   dry  bulb  temperature ;   (2)  read 
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the  wet  bulb,  and  turn  the  screw  head  until  the  lower 
index  is  at  the  wet  bulb  temperature.  The  extremity 
of  the  long  hand  will  then  point  to  (a)  the  relative 
humidity ;  (6)  the  dew  point ;  and  (c)  the  elastic  force 
of  vapour,  according  as  one  reads  the  vertical,  oblique, 
or  horizontal  lines."  The  only  objection  to  this  instru- 
ment is  that  very  common  one  which  has  already  been 
adverted  to  in  referring  to  Mason's  hygrometer,  as  to 
the  position  of  the  reservoir  of  water,  etc.  This  defect 
can,  of  course^  be  easily  removed. 
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CHAPTER  XXXV. 

4. — THE  DIRECTnON  AKD  STRENGTH  OF  THE  WIND. 

The  direciion  of  the  wind  is  easily  ascertained 
noting  the  movements  of  the  lowest  stfatmu  of  cloi 
Upper  strata  of  clouds  are  sometimes  to  be  s 
travelling  in  opposite  direction  to  those  in  which 
lower  are  movii^. 

The  strength  of  the  wind  is  estimated  by  its  veloi 
or  pressure.       Instruments    named    anemometers 
employed  to  register  its  velocity,  and  pressure   pit 
ita  force. 

The  belief  of  meteorologists  in  anemometers 
suffered  a  rude  shock  by  the  investigation  made  by 
Rev,  Fenwick  Stow,  on  a  simultaneous  comparison 
the  behaviour  of  different  anemometers.*  He  < 
covered  that  the  results  were  discordant,  and  that 
indications  of  the  only  instrument  which  comes  wit 
the  reach  of  the  purses  of  most  of  us,  namely,  Robinsc 
cap  anemometer,  are  very  fallacious. 

Pressure  plates  are  open  to  several  objections,  t 
are  generally  costly  contrivances,  arranged  with  vai 
BO  as  to  keep  the  surface  of  the  plate  always  at  lij 
angles  to  the  Sow  of  the  wind. 

The  cheapest  and  simplest  which  I  have  seen  is  t 

•  "  On  Large  and  Small  AnsmometBra.'' — Quarterly  Jmmtal  ijf 
UtUo-nicgiad  Society,  April  1S72. 
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that  baa  recently  been    introduced    by  Mr.  Thomas 
Stevenson,  which  can  be  obtained  for  248.* 


=H 


A  is  a  wood  box,  ^  inch  thick,  attached  to  the  top 
of  a  stake  fixed  in  the  ground,  which  turns  with  the 
wind  on  a  vertical  axis. 

ft  is  a  small  disc,  fixed  on  a  light  brass  tube,  J  inch 
in  diameter,  which  rests  on  two  brass  rollers. 

B  is  a  larger  disc,  fixed  on  a  light  brass  tube,  ^  inch 
in  diameter,  which  rests  on  two  brass  rollers. 

When  acted  on  by  the  wind  the  brass  spring  S  is 
lengihmfd,  the  maximum  elongation  being  recorded  by 
a  fine  thread  attached  to  the  rod,  which  is  pulled 
tlirough  a  small  hole  in  a  brass  plate  {t)  lixed  to  the 
side  of  tlie  box.  Tlie  rods  are  graduated  by  weights, 
each  iHvision  corresponding  to  the  elongation  of  the 
spring,  due  to  a  weight  of  1  ounce. 

"  To  ascertain  the  maximum  elongation  that  has 
taken  place  in  the  obser^'er's  absence,  press  the  thread 
against  t,  then  push  in  the  d^  until  the  part  of  tlic 
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again  drawn  '  taut/  and  read  off  the  result  from  tlie 
graduated  tube." 


Fressore  in  lbs.  per  aq.  ft 

Remarks. 

July  3 
4 

2-64 
7^60 

Stoimy  winds  with  sudden 

5 

3-44 

gusts. 

7 

106 

8 

•80 

31 

•62 

Aug.  1 
2 

1  -54 
12-00 

Weather  described  in  news- 
paper fts  a  heavj  gale 

When  the  disc  is  6  inches,  the  factor  for  reducing  the  divisioiis 

(due  to  pressures  of  1  oz.),  to  the  stand- 
aid  of  lbs.  top  the  sq.  ft.  is  .      -318 
Do.           3                     do.                da                 .    1*273 
Do.            li                   do.                 do.                 .      5-09 

This  variety  of  pressure  gauge  has  been  constructed 
for  storm  stations  with  one  disc  of  3  inches  diameter, 
and  the  other  1^  inch,  but  admitting  of  a  6  inch  one 
being  put  on  at  any  time  when  the  winds  are  light. 

One  great  objection  to  these,  as  to  almost  all  other 
wind  pressure  plates,  is,  that  they  only  move  in  a  hori- 
zontal line.  Supposing  the  wind  to  descend  upon  them, 
or  ascend  towards  them,  in  sudden  gusts,  they  do  not 
feel  and  therefore  cannot  register  its  force. 
Table  for  I  ^avc  bccu  in  the  habit  of  employing  the  accom- 

miite  of  force  panyiug  table  (extracted  &om  Buchan's  Meteorology)  for 
of  wind.  many  years,  and  think  it  can  hardly  be  improved  upon 
as  a  guide  to  the  formation  of  a  rough  estimate.  The 
scale  is  0  to  6,  0  representing  a  calm,  and  6  a  hurri- 
cane, a  violence  of  wind  which  is  unknown  in  this 
country. 
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• 

1 

i  ^ 

1 

1^ 

PopoUr 

¥ 

h 

^1 

Popular 

II 

Designation. 

St 

IS. 

D«ai^tion. 

in'^ 

n 

1& 

f. 

•3 

E 

7 

> 

;> 

0  0 

0-00 

0  0 

Calm. 

80 

9*00 

42-4 

01 

0-01 

1-4 

Lightest 
breath  of  air. 

8-5 
4-0 

12-25 
16-00 

49-5 
56-6 

Very  fresh. 

Blowing 
hard. 

0-6 

0-25 

7-1 

Very  light  air. 

4-5 

20-25 

68-6 

1-0 
1-5 

1-00 
2-26 

141 
21-2 

Light  air. 
Light  breeze. 

6-0 

25-00 

707 

Blowing  a 
gale. 

2  0 

4-00 

28-8 

1  Fresh    „ 

5-5 

80-25 

77-8 

Violent  gale. 

2-6 

6-25 

85-4 

6  0 

86-00 

84-8 

Hurricane. 

d 
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collection. 


CHAPTER   XXXVI. 

5. THE  ELECTRICAL  STATE  OF  THE  AIR. 

This  subject  may  be  discussed  under  two    heads : — 
(1)  As  to  the  mode  of  collecting   atmospheric    elec- 
tricity; (2)  As  to  the  mode  of  determining  its  kind, 
whether  positive  or  negative,  and  its  tension. 
Mode  of  (1.)    Mode   of    collecting   atmospheric    electricity. 

Various  contrivances  have  been  employed — such  as  an 
insulated  metal  point ;  a  kite ;  a  pole,  with  an  insulated 
pointed  wire,  or  bundle  of  copper  wires,  or  conducting 
ball  on  its  summit,  connected  by  an  insulated  wire  with 
an  electrometer ;  a  rod  with  a  burning  fuse  or  match ; 
a  copper  tube,  with  an  oil  lamp  always  burning  attached 
to  its  extremity ;  an  insulated  can  of  water,  with  a  fine 
discharging  tube  dropping  minute  quantities  of  water 
through  the  air;*  balloons  with  wire  coverings  ;t  a 
spirit  lamp  on  an  insulated  stand  ;  a  gas  jet,  so  con- 
structed that  it  cannot  be  extinguished  by  the  wind ; 
etc.,  etc. 

The  insulated  can  of  water  is,  of  course,  useless  in 
frosty  weatlier,  and  troublesome  when  it  is  desired  to 

*  A  description  of  this  may  be  found  in  IkschaneVs  Natural  Philo- 
sophy, by  Professor  Everett,  part  3,  page  604. 

t  Nouveau  Procid6  pour  Etttdier  VElcctriciU  AtnwsjyJuriqtt^.,  par 
M.  Monnet  Published  by  the  Society  des  Sciences  Industrielles  dc 
Lvon. 
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make  observations  at  dififerent  places;   otherwise  the 
water  dropper  is  a  most  convenient  apparatus. 

Sir  Wm.  Thompson  employs  for  traveUing,  in  con- 
nection  with  his  portable  electrometer,  blotting  paper 
steeped  in  a  solution  of  nitrate  of  lead,  dried,  and  rolled 
into  matches,  which  are  attached  to  a  brass  rod  project- 
ing from  the  instrument 

(2).  Mode  of  determining  its  kind,  whether  positive  Detennina- 
or  negative,  and  its  tension.  ^''J^ 

The  electrical  condition  of  the  air  has  been  most  teMion. 
frequently  determined  in  the  past  by  the  employment 
of  an  electrometer,  which  is  figured  in  almost  every 
meteorological  work  and  catalogue  of  instruments.  It 
therefore  needs  no  description,  beyond  stating  that  its 
essential  parts  are  gold  leaves  and  a  brass  rod  two  feet 
long,  with  a  lighted  fusee  composed  of  nitrate  of  lead 
to  collect  the  electricity.  As  a  glass  rod,  when  rubbed, 
produces  positive,  and  a  stick  of  sealing  wax,  when  thus 
treated,  negative  electricity,  and  as  all  bodies  similarly 
electrified  repel  each  other,  whilst  those  oppositely  elec- 
trified attract  one  another,  the  custom  has  been  in 
employing  this  instrument  to  apply  the  excited  sticks 
in  turn,  in  order  to  ascertain  the  kind  of  electricity 
with  which  the  gold  leaves  diverge.  It  will  indicate 
the  presence  of  the  electric  fluid  on  almost  any  fine 
night,  and  will  show  by  the  aid  of  the  rod  of  glass  or 
wax  the  positive  or  negative  character  of  it,  but  the 
intensity  of  the  same  is  not  referable  to  any  accurate 
scale. 

It  is  now  almost  abandoned  for  investigations  as  to 
the  electrical  condition  of  the  atmosphere.  The  only 
instruments  with  which  I  am  acquainted  that  are  of 
any  service  in  these  delicate  investigations  as  to  the 
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nature  and  tension  of  atmospheric  electricity  are  Sir 
William  Thompson's  portable  electrometer,*  Messrs. 
Elliott  and  Co.'b  modification  of  Thompeon's  quadiant 
electrometer,  Peltier's  electrometer,  f  Lamont's  electro- 
meter, and  Palmieri's  electrometer.  Thompson's  port- 
able electrometer  is  easUy  managed,  but  if  it  is  once 
out  of  order,  or  has  been  neglect«d,  is  almost  hope- 
lessly ruined.     Itn  price  is  £10  :  10s.     Elliott  and  Co's 


FlE,««. 
A.  ThanMdbwllIi  Ulnar.  B.  The  Lafdoi  Ju.  G.  Eltetrode  In  commnnlw- 
tlon  wUh  bodr  to  b*  iMtad.  C  BlMtrsde  Id  iioniiKUcm  *itli  tta>  cutb.  D.  Cop- 
P«  veuel  coDUlnlng  wmtar,  E.  Bnu  pip*,  with  Up,  tapend  to  dlsdui^tng 
oiUoa.  F.  aiiiu>t«m.  OO.  PnmlM  niol((<iii«il  vlthiaJphiuiouliL  H  B.  Bim* 
UH  llzied  wltta  gntu  peroliL    1 1.  SsctlOD  of  wiU. 

modification  of  Thompson's   quadrant  electrometer   is 
not  at  all  portable,  but  is  cheaper,  being  £5  :  5s,      It 

*  Obtainable  in  thU  conntry  from  Junea  White  of  GlMgow. 
t  Both  obbtiiMblo  horn  Uema.  Elliott  and  Co.,  118  St.  H«rtin'a 
Luke,  London. 
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requires  a  collector  which,  if  an  insulated  can  of  water, 
costs  an  extra  three  guineas.  Some  excellent  drawings 
of  the  former  or  the  portable  instrument  are  to  be 
found  in  Noad^s  Students'  Text-Book  of  Electricity^  pages 
466  and  467  and  in  DeschaneTs  Natural  Philosophy, 
by  Professor  Everett,  part  iil  page  59o.  The  latter  has 
nowhere,  to  my  knowledge,  in  conjunction  with  the  in- 
sulated can  of  water  collector,  been  delineated.  Peltier's 
electrometer  has  been  employed  for  more  than  30 
years  at  Brussels  by  M.  Quetelet,  and  is  described  in 
the  Annuaire  Meteorologique  de  France,  1850,  p.  181. 
Palmieri's  electrometer  is  hardly  known  in  this  country, 
but  is  valued  in  Italy,  Austria,  and  France.  M.  Branly's 
modification  of  Thompson's  electrometer  is  also  employed 
by  the  French. 

The  medical  officer  of  health  who  contemplates 
making  a  special  study  of  this  subject,  and  it  affords 
in  relation  to  health  and  disease  a  boundless  field  for 
research,  which  has  up  to  the  present  time  been 
scarcely  cultivated,  would  do  well  to  acquire  a  prac- 
tical familiarity  with  the  principal  electroscopes,  elec- 
trometers, 8aid  distinguishers  that  have  been  at  various 
times  in  use.  He  will  find  the  works  of  Saussure  and 
Schlibler,  of  Quetelet,  *  Lament,  t  Duprez,  Thompson's 
reprint  of  papers  on  electrostatics  and  magnetism,  and 
the  bulletins  of  the  Observatories  of  Kew  and  Green- 
wich, of  service.  They  contain  records  of  the  annual, 
seasonal,  monthly,  and  diurnal  changes  in  the  electrical 
condition  of  the  atmosphere  of  great  value.     A  com* 

*  ^'Observationfl  des  Ph^nom^nes  Periodiqnet,"  eztimcted  from 
Mimoires  de  TAcademU  Royal  de  Belgique,  vol.  ziciz. 

t  **  Entnommen  aas  dem  Jahreiberichte  der  Munchner  Sternwarte, 
page  72,  und  aus  dem  vii.  Bande  der  Annalen  der  K«  BtemwarU  tu 
Bogenhausen  bei  Munchen.  '* 
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parison  between  the  monthly  electrical  observatiooB  al 
different  observatories  in  relation  to  the  development 
of  atmospheric  ozone  is  to  be  found  in  Ozone  and 
Antozone,  page  67,  etc.  M.  Mascart's  Traits  de  FMe^ 
tridU  is  a  book  which  will  be  also  found  useful  by  the 
student. 

The  quality  of  the  electricity  present  in  the  air  is 
ascertained  by  observing  the  attraction  or  repulsion  (rf 
the  needle.  If  the  jar  is  charged  positively,  the  needle 
will  be  repelled  when  a  positive  charge  is  in  the  air, 
and  attracted  by  a  negative  charge.  It  is  not  easy  to 
charge  the  jar  exactly  to  the  same  potential 

To  obtain  accurate  quantitative  results  from  exami- 
nations of  the  electrical  condition  of  the  air  requires 
some  practice  and  skill. 

The  insulated  cans  are  constructed  so  as  to  run  for 
twenty-four  hours.  It  should  be  remembered  that  the 
proximity  of  houses,  trees,  etc.,  will  influence  the  read- 
ings of  the  electrometer  very  much  indeed. 

Medical  ofl&cers  of  health  might  very  fairly  be 
excused  from  attempting  to  deal  with  a  subject  which 
is  confessedly  a  very  diflBcult  one,  seeing  that  the 
oflScials  at  the  Kew  Observatory  are  continually  in 
trouble  with  their  atmospheric  electrical  apparatus, 
were  it  not  that  health  oflBcers  are  morally,  if  not 
legally,  bound  to  neglect  the  study  of  no  influence 
which  is  likely  to  affect  the  public  health. 

Some  one  has  said  very  truly  that  a  man  must  be 
a  brave  one  indeed  who  ventured  in  the  present  day 
to  attribute  any  morbid  or  incomprehensible  action  to 
electrical  influence,  as  the  whole  subject  of  electricity 
has  suffered  so  much  from  the  hands  of  the  teachers  of 
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popular  science.  Just  as  the  old-fashioned  medical 
man  ascribes  all  obscure  affections  to  that  much-abused 
viscus,  the  liver,  so  every  phenomenon  which  could 
not  be  readUy  eiq,lamed  has  in  the  past  been  attri- 
buted  to  electricity,  and  its  first  cousin,  magnetism. 
The  observations  made  at  the  Kew  Observatory  tend 
to  show  that  the  atmosphere  always  contains  free  elec- 
tricity, which  is  positive  in  far  the  great  majority  of 
cases  at  a  certain  height  above  the  ground  (at  5  feet 
on  flat  ground).  Out  of  10,500  observations  made 
during  the  years  1845-1847,  only  364  showed  the 
presence  of  negative  electricity.  In  damp  or  rainy 
weather  it  is  occasionally  negative.  The  lowest 
stratum  of  air  close  to  the  earth's  surface  generally 
furnishes  negative  electricity.  Quetelet,  who  carried 
out  a  series  of  observations  at  the  Observatory  of 
Brussels  from  1844  to  1848,  only  observed  the  elec- 
tricity to  be  negative  twenty-three  times,  and  these 
exceptional  indications  either  preceded  or  followed 
rain  and  storms.  Beccaria  recorded  a  negative  state 
of  the  atmosphere  only  six  times  during  a  period  of 
fifteen  years.  It  has  always  been  accepted  as  an 
article  of  belief  that  positive  electricity,  like  ozone,  is 
never  to  be  found  in  a  dwelling-house.  We  now 
know  that  both  can  be  detected  in  rooms,  although  the 
latter  is  soon  used  up,  unless  the  windows  are  open, 
or  some  efficient  system  of  ventilation  exists.  Sir 
William  Thompson,  by  means  of  his  delicate  instru- 
ments, has  shown  that  either  positive  or  negative  elec- 
tricity may  be  carried  even  through  narrow  passages 
from  one  room  to  another  by  air. 
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Regtstraiion  of  Meteorological  Observations. 

BeKirtimtton  There  is  a  great  variety  of  registers  for  recording' 
tioiu.  meteorological  phenomena,  but  they  do  not  teach  the 
eye  much,  unless  arranged  in  the  fonn  of  curves.  Per- 
haps the  most  useful  is  that  represented  at  the  end  of 
Ozone  and  Antozone,  or  the  meteorological  dia<TTim  of 
observations  made  at  the  Kew  Observatory,  which 
appears  in  the  Times  once  a  week. 
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CHAPTER   XXXVII. 

THE  PURITY  OF  FOOD. 

It  will  be  observed  that  the  eighth  duty  {vide  page  4), 
which  especially  relates  to  the  examination  of  food, 
simply  imposes  on  the  medical  officer  of  health  the 
obligation,  when  required,  of  delivering  an  opinion  as 
to  whether  any  given  sample  of  either  of  the  three 
great  solid  necessaries  of  life,  namely,  flour,  meat,  and 
vegetables,  is  or  ia  not  injurious  to  health.  On  the 
wholesomeness  of  these  substances  the  health  of  the 
great  mass  of  the  public,  to  a  large  extent,  depends. 

That  teas  are  faced,  to  give  them  a  bloom,  with 
ferrocyanide  of  iron,  considered  by  the  majority  of 
physicians  to  be  deleterious  to  health;  that  ales  are 
salted  to  make  customers  more  thirsty;  that  nearly 
every  sherry  is .  plastered ;  that  fusel  oil  is  a  frequent 
accompaniment  of  raw  spirits ;  that  sugar  often  con- 
tains iron  and  sand ;  that  preserved  vegetables  are 
frequently  coloured  with  copper ;  that  lemonades,  beer, 
and  porter  not  uncommonly  contain  lead ;  that  tea  is 
weiglited  with  iron,  and  weakened  with  leaves  of  the 
thoni  and  other  i)lants ;  that  butter  is  sometimes  made 
without  cream ;  that  coffee  is  adulterated  with  rotten 
figs,  which  have  been  roasted  and  ground  to  i)owder ; 
that  ])orts  are  manufactured  at  chemical  works : — are 
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all  facts  which  are  now  pretty  well  known  to  the  pub- 
lic, who  have  the  remedy  in  their  own  hands. 

Not  one  of  these  articles  is  a  necessary  of  life,  and 
therefore  does  not  fall  within  the  scope  of  the  work 
laid  down  by  law  as  devolving  on  the  medical  oflBcer 
of  health. 
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CHAPTEE   XXXVIII. 

INSPECTION  AND  EXAMINATION  OF  ANY  ANIMAL 
INTENDED  FOR  THE  FOOD  OF  MAN. 

The  possession  by  the  medical  officer  of  health  of  some 
knowledge  of  the  diseases  of  animals  is  of  great  value 
to  him,  not  only  in  guiding  him  in  the  formation  of  an 
opinion  which  may  be  required  of  him  as  to  the  whole- 
someness  of  their  flesh  for  food,  but  as  opening  out  to 
him  a  field  which  has  hitherto  been  barely  worked  as 
to  the  relation  between  certain  diseases  of  man  and 
those  of  his  humble  associates.  The  writings  of  Gam- 
gee,  Fleming,  and  Williams,  will  be  found  to  be  of 
great  service  to  those  who  are  engaged  in  the  study  of 
veterinary  medicine.  It  is  wise  to  take  every  oppor- 
tunity that  offers  of  making  oneself  conversant 
with  the  diseases  of  animals,  and  of  encouraging  the 
performance  of  post-mortems  in  all  doubtful  cases. 
During  my  studies,  cases  of  cattle  plague,  pleuro- 
pneumonia, typhoid  fever  in  pigs,  foot-and-mouth 
disease,  splenic  apoplexy  and  other  forms  of  anthrax, 
glanders,  fever  of  a  puerperal  description  following 
parturition,  ringworm,  hydrophobia,  distemper,  etc.  etc., 
have  come  under  my  notice.  It  is  only  for  the  medical 
officer  of  health  to  look  out  for  samples  of  these  maladies, 
and  many  chances  will  present  themselves  in  rural  dis- 
tricts of  making  a  practical  acquaintance  with  them. 


400    INSPECTION  AND  EXAMINATION  OP  ANY  ANIMAL 

The  diseases  of  live  stock  in  their  relation  to  public 
supplies  of  meat  may  be  summarized  in  the  following 
manner : — * 

1.  Contagious  Fevers, 

2.  Antkracic  and  Anthracoid  diseases. 

3.  FarasUic  IHseases. 

1.  Contagious  Fevers. 

(a)  Epidemic  Pleuro-pneumonia  or  lung  fever, 

peculiar  to  homed  cattle ; 

(b)  Aphthous  fever,  or  foot-and-mouth  disease 

(murrain),  which   aflTects    homed    cattle, 
sheep,  and  swine ; 

(c)  Smallpox  of  sheep  (Variola  ovina)  ; 

(d)  Cattle  plague    (Einderpest,  Typhus    Con- 

tagiosus). 

2.  Anthracic  and   Anthracoid   Diseases  =  milz 

BRAND  of  German  pathologists. 

They  prevail  as  epidemic  diseases  localized  in  par- 
ticular sections  of  the  country,  and  are  known  as 

(a)  Splenic    apoplexy    of   horned    cattle    and 

sheep ; 
(&)  The  braxy  of  sheep ; 

(c)  Tlie  black  quarter  of    horned    cattle    and 

sheep ; 

(d)  The  gloss  anthrax  or  tongue  carbuncle  of 

almost  exclusively  horned  cattle ; 

(e)  The    forms    of    anthrax  which   affect    the 

mouth,  pharynx,  and  neck  in  swine ; 

♦  Vide  Public  HecUih  Beport  of  Medical  Officer  of  Pnvy  Council. 
No.  5.     1862. 
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( f)  The  apoplexy  of  swine  and  their  so-called 

blue-sickness  or  hog-cholera; 
{g)  The  parturition  fever  of  cows,  etc  etc.  etc. 

3.  The  Parasitic  Diseases,  such  as — 

''  Measles "  of  the  pig ;  the  various,  chiefly 
visceral,  diseases  of  stock  which  depend  on 
larv»  of  the  t^nia  maiginata  and  ttenia 
echinococcus ;  the  "  rot  "  of  sheep ;  the 
lung  disease  in  calves  and  lambs ;  and  the 
easily  overlooked,  but  highly  important, 
disease  of  swine,  which  consists  of  an  in- 
festation of  their  muscular  system  by  the 
minute  immature  forms  of  the  "  trichina." 


2d 
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CHAPTER  XXXIX. 

INSPECTION  AND  EXAMINATION  OF  CABCASES  OF  AXDCALS, 
MEAT  AND  FLESH  EXPOSED  FOR  SALE,  OR  DEPOSITED 
FOR  THE  PURPOSE  OF  SALE,  OR  OF  PREPABATION  FOB 
SALE,  AND  INTENDED  FOR  THE  FOOD  OF  MAN. 

This  section  of  the  duties  of  the  medical  officer  of 
health  as  to  food  would  seem  to  rank  first  in  im- 
portance, and  to  comprehend  a  consideration  of  the 
suitability  not  only  of  the  beef,  mutton,  lamb,  veal,  and 
pork  that  may  be  prepared  for  the  food  of  the  whole 
community,  but  the  wholesomeness  of  those  kinds  of 
animal  food  which  are  employed  by  certain  special 
classes  of  the  people,  such  as  game,  poultry,  and  fish. 

Mr.  John  Gamgee  expresses  his  belief  that  as  much 
as  one-fifth  part  of  the  common  meat  of  the  country — 
beef,  veal,  mutton,  lamb,  and  pork — comes  from  animfllfl 
which  are  considerably  diseased. 

Mr.  Simon,  in  the  report  already  alluded  to,  gives 
the  following  digest  of  Mr.  J.  Gamgee's  investigations, 
made  at  the  request  of  the  Government : — 

"  Homed  cattle  affected  with  pleuro-pneumonia  are 
much  oftener  than  not  slaughtered  on  account  of  the 
disease,  and  when  slaughtered  are  commonly  (except 
their  lungs)  eaten,  and  tlus  even  though  the  lung 
disease  has  made  such  progress  as  notably  to  taint  the 
carcase:  that    animals    affected  with  foot-and-mouth 
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disease  are  not  often  slaughtered  on  account  of  it,  but, 
if  slaughtered,  are  uniformly  eaten ;  that  animals 
affected  with  anthracic  and  anthracoid  diseases,  espe- 
cially swine  and  horned  cattle,  are  (except  their  gan- 
grenous parts)  very  extensively  eaten ;  that  the 
presence  of  parasites  in  the  flesh  of  an  animal  never 
influences  the  owner  against  selling  it  for  food ;  that 
carcases  too  obviously  ill-conditioned  for  exposure  in 
the  butcher's  shop  are  abundantly  sent  to  the  sausage- 
makers,  or  sometimes  pickled  and  dried ;  that  specially 
diseased  organs  will  often,  perhaps  commonly,  be  thrown 
aside,  but  that  some  sausage-makers  will  utilize  even 
the  most  diseased  organs  which  can  be  furnished  them ; 
that  the  principal  alternative,  on  a  large  scale,  to  the 
above-described  human  consumption  of  diseased  carcases 
is,  that  in  connection  with  some  slaughtering  establish- 
ments, swine  (destined  themselves  presently  to  become 
human  food)  are  habitually  fed  on  the  offal  and  scavenage 
of  the  shambles,  and  devour,  often  raw  and  with  other 
abominable  filth,  such  diseased  organs  as  are  below  the 
sausage-maker's  standard  of  usefulness." 

Characters  of  Oood  and  Bad  Meat 

The  appearance  and  odour  of  good  fresh  meat  is 
known  to  most  peopla  The  medical  officer  of  health, 
however,  should  possess  a  critical  knowledge  which 
may  enable  him  to  guide  a  sanitary  authority  in  cases 
of  doubt,  where,  from  disease  or  otherwise,  the  ordinary 
characters  of  good  meat  are  partially  absent,  or  attended 
by  some  irregularity.  The  muscle  of  young  animals  is 
pale  and  moist,  and  that  of  old  ones  is  dark-coloured. 
A  deep  purple  tint  is  suggestive  that  the  animal  has 
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not   been   slaughtered,   or    has   suffered   from,     some 
fever. 

The  characters  of  good  and  bad  meat  are  generally 
thus  laid  down. 

Good.  Chod. — Firm  and  elastic  to  touch ;  marbled  appear- 
ance; should  scarcely  moisten  the  finger;  no  odour, 
beyond  that  peculiar  to  fresh  meat,  which  every  one 
knows ;  upon  standing,  a  small  quantity  of  a  radish 
juice  oozes  from  it,  and  it  becomes  dry  upon  the  surface ; 
marrow  of  bones  is  of  a  light  red  colour. 

Bmi.  Bad, — ^Wet;  sodden;  flabby;  purulent  fluid  in 
intermuscular  cellular  tissue ;  fat  resembling  jeUy,  or 
wet  parchment,  or  exhibiting  hsemorrhagic  spots ;  sickly 
or  putrefactive  odour;  on  standing  it  becomes  wet; 
marrow  of  bones  of  a  brownish  colour,  sometimes  with 
black  spots. 

It  should  be  remembered  that  meat  may  not  reach 
the  standard  of  good  meat  and  yet  be  perfectly  whole- 
some, so  difficult  is  it  to  lay  down  rules  to  which  there 
shall  be  no  exceptions;  for  example,  a  perfectly  firesh 
1^  of  mutton  is  tough  and  by  no  means  pleasant  eat- 
ing. K  kept  until  it  begins  to  lose  some  of  the  char- 
acters above  enumerated  as  indicating  good  meat,  which 
may  be  a  long  time  if  the  weather  be  cold,  and  espe- 
cially if  the  air  be  dry,  it  is  tender  and  digestible.  If 
an  opinion  cannot  readily  be  formed,  the  lungs  and 
their  coverings,  the  liver,  brain,  and  other  viscera  of 
the  suspected  animal  should  be  carefully  examined. 
Signs  of  inflammation  are  to  be  found  in  the  lungs  and 
pleura;  hydatids  may  be  present  in  the  brain  and 
Uver.  The  condition  of  the  mouth,  stomach,  and  in- 
testines should  be  examined,  if  there  is  a  probability  of 
rinderpest,  and  that  of  the  feet,  teats,  and  mouth  when 
there  is  a  suspicion  of  aphthous  fever. 
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There  never  can  be  any  doubt  as  to  the  propriety 
of  condemning  meat  that  has  become  putrid,  for  it 
produces  violent  gastro-intestinal  disturbance,  until  the 
offending  matter  has  been  removed  either  by  vomiting 
or  purging.  Numerous  cases  are  to  be  found  in  medical 
records  of  fatal  results  following  the  ingestion  of  animal 
substances  in  a  state  of  advanced  putrefaction. 

Certain  damaged  meat,  such  as  mouldy  veal,  musty 
bacon,  decaying  mutton,  sausages,  bacon,^  pork  pies, 
brawn,t  potted  meats |  in  a  state  of  incipient  putrefac- 
tion, cheese,  etc.,  have  acted  like  irritant  poisons,  pro- 
ducing great  nervous  depression  and  collapse.  It  has 
been  supposed  that  these  defects  are  owing  to  the  for- 
mation of  a  rancid  fatty  acid,  or  a  poisonous  organic 
alkaloid,  or  to  the  development  of  a  fungus,  termed 
Sarcina  bottUina. 

The  smell,  appearance  to  the  naked  eye  and  under 
the  microscope,  will  readily  reveal  the  condition  of 
meat  in  this  state. 

The  detection  of  decomposition  in  sausages  is  found 
to  be  more  difficult.  It  has  been  recommended  to  mix 
the  sausage  with  water,  to  boil  and  add  freshly  pre- 
pared lime-water,  when  an  o£fensive  odour  will  be 
evolved  if  the  sausages  are  unwholesome.  The  exist- 
ence of  an  acid  reaction  to  litmus  paper,  an  unpleasant 
odour  and  a  nauseous  taste,  are  signs  of  their  imfitness 
for  human  food. 

Reaction  with  Litmus  Paper. — Good  meat  is  acid,  Acid,«ik«itot 
and  therefore  turns  blue  litmus  paper  to  a  red  colour. 
Bad  meat  ia  alkaline  or  neutral,  and  accordingly  changes 

*  Medical  Times,  March  7th,  1845. 

t  BrUiah  Medical  Journal,  May  10th  and  17th,  1878. 

t  Medical  Times  and  OazetU,  August  5th,  1854. 
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red  litmus  paper  to  a  blue  colour,  or  neither  the  blue 
nor  red  litmus  paper  are  altered  by  it 
Dflgne  of  Degree  of  Sesistance  of  varioiis  parts  token  pressed. — 

'•'***"^'    Plunge  a  long  clean  Imife  into  the  flesh.     In  good 
meat  the  resistance  is  uniform;  in  bad  meat  some  parts 
are  softer  than  others. 
siMiL  Smell  of  Meat. — ^The  knife  after  removal  should  be 

smelt  If  the  meat  is  chopped  up  into  small  portions 
and  some  hot  water  thrown  on  it,  its  odour  can  be 
readily  determined.  An  unpleasant  odour  indicates 
disease,  or  incipient  putrefactive  changes.  Meat  which 
has  a  smell  of  physic  is  generally  condemned. 
Amoantor  Itoss  of  Weight  in  drying  at  212**  Fahr. — Gk)od 
moimre.  meat,  if  dried  for  some  hours  on  a  water  bath,  will  not 
lose  more  than  70  to  74  per  cent  of  its  weight. 

Bad  meat  will  often  lose  80  per  cent  (Vide  Pre- 
cautions to  be  adopted  in  estimating  loss  of  moisture, 
on  page  442.) 

If  there  is  any  reason  to  think  that  an  animal,  the 
meat  of  which  is  svbjudice,  has  been  drugged,  although 
the  appearance  and  smell  of  the  meat  are  unobjection- 
able, it  is  sometimes  necessary  to  cook  and  taste  it,  for 
the  fat  of  a  drugged  animal,  after  cooking,  has  often  a 
peculiar  bitter  taste.  Such  drugged  meat  sometimes 
creates  illness.  As  to  the  meat  of  an  animal  respect- 
ing which  there  is  any  suspicion  of  poisoning  by  arsenic, 
antimony,  or  strychnine,  a  rough  and  ready  test  is  the 
physiological  one  of  giving  a  portion  of  the  meat  to  a 
cat  or  dog,  or  to  the  butcher  who  is  selling  it,  and  to 
note  if  symptoms  of  poisoning  are  produced,  and  if  so, 
the  exact  nature  of  the  symptoms,  for  each  of  those 
poisons  produces  characteristic  effects,  which  are  fully 
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laid  down  in  all  books  on  toxicology.  Such  cases  of 
poisoning  of  meat  are  rare.  Mr.  Gkungee  reports  one* 
in  which  an  animal  had  been  excessively  drugged  with 
tartar  emetic  (about  gij.)  Of  321  persons  who  ate  of 
the  flesh,  107  suflfered  from  violent  gastro-intestinal 
disturbance,  one  case  proving  fataL  Antimony  was 
chemically  found,  both  in  the  flesh  of  the  ox  and  in 
the  interior  of  the  individual  who  died.  Doses  of  the 
flesh,  which  were  given  experimentally  to  animals,  pro- 
duced signs  of  poisoning! 

The  following  analyses  of  Letheby  and  Eanke  may 
prove  interesting : — 


Beef. 

VeiO. 

16-8 

15-8 

4-7 

68-0 

Xntton. 

Fat 

Pork. 

9-8 
48-9 

2-8 
89-0 

Heart  Meat 
No  dripping 

Lean. 

Fit 

Lean. 

Fat 

Nitrogenous 
matter     . 
Fat. 

Saline  matter 
Water 

19-8 
8-6 
5-1 

720 

14-8 

29-8 

4-4 

51-0 

18-8 
4-9 
4-8 

72-0 

12-4 

81-1 

8-5 

58-0 

27-6 
15-45 
2-95 
54-00 

The  Prevalent  Diseases  of  Stock  in  relation  to  the  supply 

of  Meat  for  Human  Food. 

Theoretically  the  meat  of  the  healthiest  animals 
that  have  been  slaughtered  is  alone  fit  for  the  food  of 
man. 

Practically  meat  that  has  been  obtained  from  sickly 
and  even  diseased  animals  has  been  eaten  with  impunity, 
and  no  proof  has  been  afforded  that  such  meat  has 
always  been  injurious  to  health,  although  abundant 

*  "Fifth  Report  of  MediaaOffloflr  of  Ml^kBiiLUai" 
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evidence  is  on  record  which  shows  the  occasional  evU 
results  of  its  consumption. 

To  understand  this  fact,  which  has  been  deemed 
incomprehensible,  it  is  necessary  to  make  a  distinction 
between  the  diseases  from  which  our  stock  suffers,  and 
between  the  meat  furnished  by  animals  at  different 
stages  of  these  diseases. 


1.  Caniagiom  Fevers. 

Piwuo-  The  Epidemic   Pleuro-Fneumonia  of  Cattle  is   an 

Fneomonia.  jufg^j^Q^ig  discasc,  the  poisou  of  which  is  eliminated 
through  the  lungs.    The  divergence  of  opinion  that  has 
prevailed  in  the  medical  profession  as  to  what  is  and 
what  is  not  wholesome  meat,  has  expressed  itself  chiefly 
in  connection  with  the  flesh  of  pleuro-pneumonic  cattla 
Some  would  condemn  meat  that  exhibited  evidence  of 
perverted  nutrition  far  short  indeed  of  actual  disecuse, 
whilst  others  would  allow  unsound  meat  to  be  eaten 
unless  it  exhibited  such  signs  of  disease  as  to  excite 
disgust  in  the  consumer.     These  are  the  two  extremes 
of  opinion,  and  both  parties  have  much  to  urge  in  sup- 
port of  their  opposite  views.     These  unfortunate  differ- 
ences have  led  to  great  variations  in  practice,  meat 
in  precisely  the  same  condition  being  confiscated  in  one 
part  of  London,  for  example,  which  is  permitted  to  be 
eaten  in  another  part     They  have   led  also  cattle- 
dealers,  farriers,  and  other  interested  individuals,   to 
rebel  against  the  opinion  of  scientific  medical  ofiicers  of 
health,  of  which  we  have  recently  had  an  instance  in 
Dublin. 

In  September  1877  the  Public  Health  Committee 
of  the  Corporation  of  this  city  addressed  a  circular 
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letter,  at  the  suggestion  of  the  medical  officer  of  health, 
Dr.  Cameron,  to  a  great  number  of  medical  men  in  the 
United  Kingdom,  including  medical  officers  of  healthy 
and  to  veterinarians,  containing  the  following  queries : — 

1.  Do  you  consider  the  flesh  of  oxen  killed  whilst 

suffering  from  contagious  pleuro-pneumonia  fit 
for  food  for  man  ? 

2.  If  you  consider  that  such  flesh  may  be  used 

under    certain     circumstances,    please     state 

whether  or  not  it  is  fit  for  food  in  the  second 

stage  of  the  disease,  in  which  the  lungs  are 

usually  much  increased  in  size,  partially  hepa- 

tized,  and  sometimes  more  or  less  infiltrated 

with  pus  ? 

290  replied  that  imder  no  circumstances  should 

pleuro-pneumonic  beef  be  used  as  food  by  man ;  45 

stated  that  it  might  be  used,  but,  with  two  exceptions, 

they  believed  it  to  be  imwholesome  in  the  advanced 

stages  of  the  disease.^ 

In  October  1877  a  report  was  prepared  for  the 
Cattle  Trade  Association  of  Ireland  by  Drs.  Macnamara, 
Macalister,  and  Beynolds,  who  gave  it  as  their  opinion 
— "  That  the  consumption  of  the  flesh  of  cattle  slaugh* 
tered  in  early  stages  of  pleuro-pneumonia  is  perfectly 
harmless,  and  the  destruction  of  such  meat  is  a  waste- 
ful expenditure  of  a  material  which  is  capable  of  sup- 
plying a  perfectly  wholesome  animal  food." 

The  flesh  of  cattle  markedly  reduced  in  condition  is 
expressly  exempted  from  this  conclusion. 

This  report  called  forth  a  rejoinder  from  the  Dublin 
Sanitary  Association,  drawn  up  by  Drs.  Hayden,  Grim- 

*  *'  Report  on  the  use  of  Flesh  of  Animals  affected  with  Contagious 
Pleuro- Pneumonia  as  Food  for  Man,"  by  Dr.  C  A.  Cameron. 
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shaw,  Moore,  Harvey,  and  Woodhouse,  which  conclades 
as  follows : — 

"  1.  That  epidemic  pleuro-pneumonia  is  a  specific 
contagious  fever,  and  therefore  affects  the  whole  system 
of  the  animal,  including  its  flesh  and  milk. 

**  2.  That  the  flesh  of  animals  affected  with  the 
disease,  except  in  the  earliest  stages,  is  known  to  pre- 
sent unhealthy  appearances. 

"  3.  That  the  flesh  is  specially  prone  to  become 
putrid,  and  therefore  dangerous  as  an  article  of  food. 

"  4.  That  it  is  not  known  with  certainty  at  what 
stage  of  the  disease  the  flesh  first  shows  signs  of  infec- 
tion. 

"  5.  That  there  is  no  evidence  of  a  scientific  charac- 
ter to  prove  that  the  flesh  of  oxen  affected  with  the 
disease  has  not  produced  injurious  effects. 

"  6.  That  there  is  some  evidence  to  show  that  the 
flesh  when  eaten  has  produced  injurious  results. 

"  7.  That  the  proposal  to  sell  the  flesh  at  a  reduced 
price,  and  to  make  it  less  prone  to  putrefaction  by 
careful  bleeding,  is,  if  carried  out,  calculated  seriously 
to  endanger  the  health  of  the  consumers,  especially  the 
poor,  and  to  leave  a  loophole  for  the  sale  of  all  kinds 
of  diseased  flesh. 

"We  are,  therefore,  of  opinion  that  the  flesh  of 
animals  which  have  suffered  from  pleuro-pneumonia  in 
any  stage,  should  not,  under  any  circumstances,  be 
permitted  to  be  sold  for  human  food.'' 

In  opposition  to  these  views  it  should  be  recorded 
that  Loiset  affirms^  that  during  nineteen  years  18,000 
oxen  affected  with  pleuro-pneumonia  were  killed  and 
used  as  food  by  the  150,000  inhabitants  of  Lille,  or 

*  Reyiial*a  TraiU  de  la  Police  Sanitaire. 
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nearly  1000  carcases  every  year,  without  any  apparent 
injury  to  them. 

Other  authorities  have  made  similar  observations  as 
to  its  innocuous  character.^ 

My  own  opinion  is,  that  until  it  can  be  shown  that 
the  meat  of  animals  in  the  congestive  and  inflammatory 
stages  of  the  disease  is  deleterious  to  health,  a  medical 
officer  of  health  has  no  right  to  have  it  destroyed.  I 
could  not,  however,  sanction  the  employment  of  the 
meat  of  an  animal  that  had  reached  the  suppurative 
and  advanced  stages  of  the  diseasa 

Foot-and-MoiUh  Disease. — ^Although  this  specific  Fbot^md- 
eruptive  fever,  which  runs  a  definite  course  and  is  Diaem. 
accompanied  by  eruptions  in  the  mouth,  on  the  teats, 
and  on  the  feet,  is  rarely  fatal,  it  has  created  greater 
ravages,  and  has  caused  a  more  heavy  loss  than 
cattle  plague.  The  loss  of  milk,  the  abortion  of 
cows  in  calf,  the  loss  of  time  and  produce,  interferes 
greatly  with  the  meat-producing  powers  of  the 
country. 

One  of  the  witnesses  before  the  Select  Committee 
of  the  House  of  Commons  in  1873  stated  that  in  1872 
the  country  lost  £12,000,000  from  foot-and-mouth 
disease  alone. 

There  is  no  evidence  on  record  to  show  that  the 
flesh  of  cattle  affected  with  this  disease  has  injured 
health.  There  is  a  very  strong  suspicion,  however,  that 
the  milk  of  these  animals  has  produced  "  sore "  or 
"  festered  "  mouths,  especially  amongst  children.  Vide 
page  485. 

Small-Fox  of  Sheep. — The  flesh  of  animals  thus^MU-pozor 
affected  has  an  unpleasant  smell,  and  does  not 

*  ''  Report  to  Board  of  Trsde,"  by  Dr.  Greenhow,  1857. 
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some  other  of  the  characters  of  good  meat      It  produoee, 
if  eaten,  sickness,  diarrhoea,  and  febrile  symptoms. 
oattto-  Cattle    Plagrie    {Rinderpest), — ^When    this    disease 

SUdw^  ravaged  Italy  in  1711  the  Gk)venmient  of  Venice  con- 
sult^ the  Faculty  of  Padua  as  to  whether  such  flesh 
was  unwholesome.  The  decision  arrived  at  ^was  that  it 
was  unattended  with  danger.  In  1714,  when  the 
disease  prevailed,  no  evil  consequences  were  observed. 
In  1775,  when  the  plague  raged  in  the  southern  pro- 
vinces of  France,  the  flesh  of  diseased  A^niTi^ftlp  was 
consumed  by  three-fourths  of  the  inhabitants,  and  no 
instance  of  inconvenience  was  recorded  (Fleming). 
This  author  also  informs  us  that  the  same  freedom  from 
any  injurious  efiects  was  noticed  at  Hong  Kong  in 
China  in  1860.  During  the  recent  invasion  (1865- 
66-67)  by  rinderpest  of  this  country,  there  can  be  no 
question  but  that  a  vast  quantity  of  animals  snjSering 
from  this  disease  has  been  consumed  as  food,  and  we, 
as  medical  men,  are  unable  to  prove  that  any  great 
injury  has  resulted  to  the  public.  The  meat  thus  em- 
ployed was  doubtless  that  of  animals  in  the  early  stage 
of  the  disease.  If  such  meat  is  consumed  the  greatest 
precautions  should  be  taken  as  to  thorough  cooking. 
It  is  a  matter  of  doubt  whether  the  flesh  of  an  animal 
in  the  advanced  stages  can  be  eaten  with  safety. 

2.  AnthrcuAc  and  Anthracaid  Diseases, 

Splenic  Splenic  Apoplexy, — ^Great  diflTerences  of  opinion  have 

Apoplexy,    prevailed  as  to  whether  animals  thus  diseased  should 

be  used  as  human  food.     Large  quantities  of  this  meat 

have  been  eaten,  and  with  apparently  no  injurious 

effects,   but    so    many   disastrous    occurrences    have 
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followed  its  employment  as  to  warrant  the  medical 
ofiEicer  of  health  in  condemning  such  meat  The 
poison  of  this  diseased  meat  resembles  some  others  in 
acting  with  greater  vinilency  when  inserted  sub- 
cutaneously  than  when  taken  into  the  stomacL  A 
butcher  cuts  lus  hand  in  dressing  an  animal  that  has 
suffered  from  this  disease,  and  rapidly  dies  of  pysemia. 
A  carrier  was  recently  packing  some  of  this  diseased 
meat  for  the  London  market,  and  a  splinter  of  bone 
entered  his  hand.  Phlegmonous  erysipelas,  which 
ended  speedily  in  blood-poisoning,  terminated  his  life 
in  a  few  hours.  A  man  was  engaged  during  a  dark 
night  in  resurrectionizing  a  diseased  animal  that  had 
been  buried.  He  hoisted  some  of  the  meat  in  a  sack 
over  his  back,  which  was  alone  covered  by  his  shirt 
In  some  way  or  other  the  juices  of  the  meat  passed 
through  the  sack  and  shirt,  and  came  into  contact  with 
the  skin  of  the  back,  on  which  there  was  probably 
some  abrasion.  Erysipelatous  inflammation  of  the  skin, 
attended  with  intense  depression  of  the  vital  powers, 
rapidly  set  in,  and  the  man  expired. 

I  cannot  think  that  meat  containing  such  a  deadly 
poison  should  ever  be  sold  to  the  public. 

The  Braxy  of  Sheep,  which  kills  50  per  cent  ofniMBiaiy 
the  young  sheep  of  Scotland,*  is  readily  recognized  by  o' sheep, 
the  shepherds  by  a  short  staggering  gait,  blood-shot 
eyes,  rapid  breathing,  fever,  scanty  secretions.  The 
braxy  mutton  is  preferred  to  salt  mutton  by  the  hardy 
Highland  shepherds,  but  it  is  not,  as  a  rule,  cooked  and 
eaten  until  it  has  been  steeped  in  brine  for  two  months, 
and  has  been  suspended  for  some  time  from  the  kitchen 

*  Vide  the  Prize  Eaeay  on  Braxy,  by  Mr.  Cowan  of  Glasgow,  in 
"  Tranaactions  of  the  Highland  and  Agricultural  Society,  1868." 
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Parturient 
Apoplexy. 


root  Dr.  Letheby  writes* — ^" Every  now  and  th 
however,  when  perhaps  the  diseased  parts  have  i 
been  entirely  removed,  or  when  the  salting  has  i 
been  sufficiently  prolonged,  or  the  cookiiig  has  not  be 
thoroughly  effected,  the  most  serious  consequem 
result  from  it,  insomuch  that  many  medical  prac 
tioners,  who  are  acquainted  with  the  habits  of  t 
Scotch  shepherds  in  this  respect,  and  have  seen  t 
mischief  occasioned  by  the  meat,  declare  that  bra 
mutton  is  a  highly  dangerous  food  for  man." 

Anthrax,  Black  Qttarter,  Oloss  Anthrax,  Hog-^hcit^ 
— The  literature  of  the  past  teems  with  examples 
the  poisonous  nature  of  the  flesh  of  animals  that  ha 
suffered  from  anthracic  diseases,  although  many  j 
stances  can  be  adduced,  showing  the  escape  of  peo] 
who  have  been  imprudent  enough  to  risk  their  heal 
and  lives  in  consimiing  itf  The  malignant  pustule 
the  human  subject  is  produced  by  these  anthrai 
diseases  of  stock,  which  are  included  by  the  Fren 
under  the  head  of  "  Charbon,"  thus  named,  because  t 
regions  of  the  body,  where  the  disease  is  localized,  a 
coloured  black.  In  this  country  the  development 
carbuncles,  boils,  and  other  forms  of  blood-poisonir 
has  been  attributed  to  the  use  of  meat  from  anims 
affected  with  anthracic  diseases.  All  such  meat  shou 
be  condemned.  The  use  of  the  milk  of  animals  suffe 
ing  from  anthracic  diseases  should  be  interdicted. 

Parturient  Apoplexy  {Milk  Fever,  Dropping  aft 
Calving), — The  condition  of  the  meat  should  govei 
the  medical  officer  of  health  in  the  formation  of  a 


•  Vide  Dr.  Letheby's  Ledures  on  Food. 

t  Vidt  Fleming's  MamvAU  of  Veterinary  Sanitary  Sdenee,  toL 


page  195. 
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opinion  as  to  whether  the  flesh  of  such  animals  is  or  is 
not  fit  for  human  food.  Mr.  Gamgee  writes  * — **  Not- 
withstanding the  sporadic  nature  of  parturient  apoplexy 
in  cattle,  it  is  marked  by  the  development  of  a  poison 
capable  of  inducing  a  similar  disease  in  other  animals, 
of  affecting  the  human  frame,  and  hence  of  rendering 
the  flesh  of  animals  affected  by  it  unfit  for  human 
food."  Professor  Williams  writes  t — **  If  this  assertion 
were  correct,  the  number  of  the  human  race  would,  ere 
this,  have  been  much  reduced,  for  it  is  a  well-known 
fact  that  the  flesh  of  cows,  slaughtered  whilst  suffering 
from  parturient  apoplexy,  is  a  common  article  of  diet, 
and  that  no  bad  consequences  result  from  it,  provided 
the  animal  has  been  slaughtered  early,  before  the 
system  has  been  empoisoned  by  the  excessive  doses  of 
medicines,  which  are  so  generally  prescribed  in  this 
malady,  and  antecedent  to  a  general  vitiation  of  the 
animal  solids  and  fluids  by  the  accumulation  of  effete 
materials."  Convictions  in  such  cases  have  been 
obtained.  Ficfe,  for  example,  one  reported  in  Sanitary 
Itecard,  March  2d,  1877,  p.  144. 

Tubercular  Diseases, — Large  quantities  of  meat  that  Tubepcniar 

DImmcs. 

finds  its  way  into  our  markets  has  come  from  animals 
more  or  less  affected  with  pulmonary  or  mesenteric 
phthisis,  called  by  cattle-dealers  "grapes."  In  the 
early  stages  of  the  disease  the  meat  does  not  present 
any  of  the  characteristics  of  bad  meat,  and  cannot  be 
rejected,  for  no  proof  exists  that  such  food  has  injured 
health.  If  it  is  eaten,  care  should  be  taken  that  it  is 
well  cooked.  In  the  advanced  stages  it  should  be 
destroyed. 

*  Our  DiyiMHic  AnimaU  in  HmUk 
+  The  Principles  and  Prndiee  qf  Vi 
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Beuiet,  Scarlet  Fever,  Pig  Typhus,  Spatted  Fever,  Typhoid 

^^Hi"^  Fever. — ConvictioiiB  are  obtained  for  the  destruction  of 
'"^^v^  ftninnalfl  that  have  suffered  from  these  blood  diseases.* 
The  carcases  exhibit  appearances  so  different  from 
those  of  good  meat  as  readily  to  fall  imder  condemna- 
tion. It  is  stated  that  whole  families  have  been  made 
seriously  ill  by  eating  the  flesh  of  "  soldier  pigs,"  as 
pigs  suffering  from  typhus  are  termed  in  Ireland, 
jteoidflata.  Accidents,  Fractures,  Wounds. — ^The  flesh  in  these 

cases  may  generally  be  utilized  as  inferior  meat,  except 
in  the  neighbourhood  of  the  injury.  If  gangrene  has 
set  in,  its  use  should  be  prohibited. 

The  flesh  of  overdriven  animals  has  been  stated  by 
Oamgee  to  have  produced  eczema  of  the  skin,  and 
other  impleasant  effects. 


Azgnmenta      Arffumcnts  against  the  Fmployment  of  Diseased  Meat. 

pioymentof        The  arguments  that  are  employed  by  those  who 

Meat         would  perpetrate  such  raids  on  our  meat  markets  as 

to  condemn  not  only  all  diseased  meat,  but  even  that 

of  animals  whose  nutrition  is  temporarily  perverted, 

are: — 

1.  That  cases  of  apparent  poisoning  sometimes  arise 
in  a  quite  indefinable  manner;  and  that,  if 
such  cases  prove  fatal,  no  known  poison  can  be 
detected  by  the  toxicologist. 
It  IB  true  that  cases  of  blood  poisoning  occasion- 
ally occur  which  have  equally  been  ascribed  to 

*  Sanitary  Record,  Jul    6th,  1877,  p.  12  (scarlatina). 

Feb.     6th,  1876,  p.  96  (typhoid  fever), 
Oct  26th,  1877,  p.  270  (apotted  fever). 
„      Aug.  Slat,  1877,  p.  145  (scarlatina). 
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the  air  from  drains  and  cesspools,  or  to  filthy 
water. 

2.  That  there  has  been  a  great  increase  of  carbun- 

cular  diseases  ever  since  1842,  the  year  in 
which  the  infections  blood  disease  of  cattle, 
known  as  pleuro-pneumonia,  was  first  recog- 
nized in  this  conntiy. 
An  increase  in  this  class  of  disease  occurred 
during  the  years  from  1842  to  1854  ;  but  since 
this  latter  year  there  has  been  a  decline. 

3.  That  Dr.  Livingstone  had  remarked  that  those 

African  tribes  that  fed  on  cattle  which  died 
of  pleuro-pneumonia^  were  often  affected  with 
malignant  carbuncles. 
If  Dr.  Livingstone  was  correct  as  to  the  nature 
of  the  disease  from  which  the  cattle  suffered, 
which  appeals  very  doubtful,  it  would  seem 
that  the  meat  was  eaten  in  the  most  advanced 
stages  of  the  disease.  If,  as  is  highly  probable, 
the  cattle  died  of  some  form  of  anthracic 
disease,  the  result  that  followed  is  only  that 
which  would  be  expected. 

4.  That   the   Begistrar-G^neral   of    Scotland   had 

noticed  that  since  lung  disease  in  animals  was 
introduced  into  Scotland,  there  had  been  a 
gradual  increase  in  the  proportion  of  deaths 
from  carbuncles. 

Arguments  in  favour  of  the  UmploymerU  of  Dieeaeed    Aigumtnte 

Meat.  mflntor 

The  arguments  used  by  the  opposite  section  in  the  umL 
profession,  who  would  not  confiscate  meat  unless  it  was 
almost  repulsive,  are : — 

2x 
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1.  That  our  animal  food  is  exposed  to  so  high  a 

temperature  as  to  kill  parasites,  and  coagulate 
and  render  inert  any  albuminous  morbid  con- 
tagium. 

2.  As  the  venom  of  the  cobra  and  the  rattlesnake 

is  rendered  innocuous  after  exposure  to  the  dis- 
infectant chemistry  of  digestion,  so  the  poisons 
of  such  diseases  as  small-pox,  etc.,  probably 
undergo  simQax  destruction. 
"These  two  protective  influences  do  not,"  as  Mr. 
Simon  has  pointed  out,*  "cover  the  whole  field  of 
danger : — 

"  (a)  Meat  is  often  only  half  cooked ;  and, 

"  (6)  Complete  coagulation  of  albumen  may  leave 

some  morbid  poisons  in  operation." 

We  are,  one  and  all,  aware  that  terrible  outbreaks  of 

disease  have  occurred  from  the  use  of  meat,  other  than 

that  which  we  are  unanimous  in  condemning.     Here 

are  two  out  of  many  instances : — 

serero  and         Profcssor  Gamgec  has  given  evidence  with  reference 

*^**°**^*  ,to  a  convict  establishment,  containing  1500  inmates, 

outbreaks  of  '  o  ' 

diacase.  in  which  diseased  meat  was  permitted  to  be  used,  out 
of  which  number  40  or  50  cases  of  boils  and  carbuncles 
occurred  per  month. 

The  late  Dr.  Letheby's  sausage  case,  of  November 
1860,  was  remarkable.  "A  fore  quarter  of  cow  beef 
was  purchased  in  Newgate  market  by  a  sausage  manu- 
facturer who  lived  at  Kingsland,  and  who  immediately 
converted  it  into  sausage  meat.  Sixty-six  persons  were 
known  to  have  eaten  that  meat,  of  which  sixty-four  were 
attacked  with  sickness,  diarrhcBa,  and  great  prostration 
of  the  vital  powers,  and  one  of  them  died.    Dr.  Letheby 

*  Fifth  Annual  Report,  1862. 
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found  that  the  meat  was  diseased,  and  that  it^  and  it 
alone,  had  been  the  cause  of  the  mischief." 

It  is  extremely  difficult  to  trace  cases  of  illness  to 
the  use  of  diseased  meat,  for  such  does  not  generally 
produce  such  striking  and  alarming  effects  as  have  been 
referred  to  in  the  foregoing  examples,  but  is  slow  and 
insidious  in  its  action,  unless  in  a  state  of  putrefaction, 
when  it  often  induces  sjrmptoms  of  gastro-intestinal 
disturbance. 

The  Medical  Officer  of  Health  of  Dublin,  where 
diseased  meat  has,  until  recently,  been  disposed  of  to 
the  public  in  an  unblushing  manner,  states  that  he  has 
received  complaints  from  at  least  100  persons  with 
respect  to  the  quality  of  the  meat — nearly  always  beef 
— ^which  they  alleged  had  caused  them  nausea  and 
severe  diarrhoea.* 

He  most  thoroughly  endorses  my  own  views  when 
he  writes, ''  As  a  rule,  bad  water  and  vitiated  air  do  not 
kill  like  arsenic  or  strychnine,  neither  does  the  flesh  of 
diseased  animals/'  People  are  often  to  be  found  who 
habitually  drink  water  which  is  highly  contaminated 
with  sewage  ;  whilst  others  are  almost  always  immersed 
in  a  vitiated  atmosphere,  and  exhibit  no  sudden  and 
easily  perceived  injury  thereby.  Now,  although  this  is 
undeniably  true,  yet  the  views  of  the  public  on  this 
question  should  have  their  weight ;  for,  without  a  con- 
sideration of  the  subject  in  its  breadth,  it  is  possible  to 
be  led  into  unpractical  conclusions. 

The  loss  to  this  country  from  the  contagious  diseases  ^^^^*^ 
of  animals  is  over  one  million  a  year,  which  is  felt  by 
all  classes  of  the  community  in  the  increased  prices  of 

*  Vide  Report  on  Plearo-pneumonic  Flesh  as  Food,  and  Dublin 
Journal  qf  Medical  Science,  1871. 
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meat,  milk,  butter,  etc.  Whilst  every  effort  is  being 
made  by  the  Legislature,  with  a  due  r^aid  to  the  in- 
jury to  trade  of  too  many  or  of  too  severe  restrictions, 
to  prevent  the  spread  of  these  diseases,  the  confiscation 
of  animal  food  should  not  be  attempted  unless  we 
possess  evidence  that  such  meat  is  likely  to  be  in  any 
way  prejudicial  to  health,  for  meat  is  already  so  expen- 
sive as  to  be  almost  beyond  the  reach  of  the  agricul- 
tural labourer.  Then,  on  the  other  hand,  it  cannot  be 
right,  as  Dr.  Cameron  says,  for  the  flesh  of  diseased 
animals  to  be  palmed  off  on  the  public  as  that  of  healthy 
animals,  even  if  such  meat  is  not  considered  injurious 
to  health,  for  the  flesh  exposed  for  sale  in  the  shops  is 
presumably  derived  from  healthy  animals. 

The  practice  in  the  city  of  London  is  to  condemn  the 
flesh  of  animals  that  have  been  suffering  from  all  febrile 
and  wasting  diseases ;  and  of  any  animal  that  has  been 
killed  immediately  before,  during,  or  after  parturition, 
for  the  reason  that  an  animal  would  not  be  slaughtered 
at  that  time  unless  death  appeared  to  be  imminent. 

Much  meat  finds  its  way  into  the  market  which  is 
simply  inferior  meat,  or  that  of  ill-fed,  half-nourished 
animals ;  or  of  cattle  that  have  died  as  the  result  of 
accident,  such  as  rupture  of  the  stomach  from  eating 
too  much  clover,  etc. 

Sheep  often  die  of  exhaustion  or  mechanical  impedi- 
ments in  parturition.  These  animals  are  much  disposed 
to  over-eat  themselves.  They  distend  themselves  to 
such  an  extent  that  they  at  length  fall  down  in  a  stupe- 
fied condition  or  in  a  fit — ^they  "  drop,"  as  the  agricul- 
tural people  express  it.  The  farmer  generally  cuts  the 
animal's  throat  in  haste,  before  it  dies,  and  rapidly 
sends  it  to  the  butcher.     The  meat,  in  such  cases,  must 
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be  judged  of  by  its  cbflracters  vhen  dressed  by  the 
butcher  for  food.  The  flesh  of  animalfl  that  have  died, 
and  of  those  that  hftve  been  oret-diiTen  or  fatigued, 
vUl  not  keep  long,  and  their  fleah  is  very  prone  to 
rapidly  present  an  unwholeBome  appearance.  All  such 
inferior  meat  ia  sold  at  a  low  price,  without  apparent 
injury  to  health,  if  it  does  not  exhibit  the  chaiactere  of 
bad  meat 

It  ia  a  matter  open  to  great  doubt  as  to  whether  it 
is  justifiable  for  a  Medical  OfEcer  of  Health  to  attempt 
to  interdict  the  use  of  any  meat  of  inferior  quality  that 
does  not  exhibit  the  characters  of  bad  meat,  respecting 
which  there  exists  on  record  no  evidence  showing  that 
the  flesh  of  animals  Bimilarly  affected  has  proved  un- 
wholesome to  man, 

3.  Parasiiie  Diteases. 
"  Measles "   of  the  Pig,  Ox,  and  SJuep. — Professor 


Fig.  M.— MoMly  Fork.  Oj  Dr.  LewU    (AIMr  FukcL) 

Gamgee  states  that  3  per  cent,  and  probably  6  per  cent. 
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KodMof 
detectton. 


disease  is  happily  scarcely  known  in  this  cotmtiy, 
being  apparently  confined  to  our  raw  sausage-loving 
neighbours,  the  Germans.  The  first  recorded  epidemic 
of  this  disease  was  observed  in  1862  at  Plauen,*^  in  the 
Voigtland,  in  which  30  persons  were  seized,  of  whom 
one  died.  Soon  afterwards  outbreaks  occurred  at 
Calbe  au  der  Saale,  Burg  near  Magdeburg,  in  Anhalt, 
Stolberg  am  Harz,  Leipsic,  Jena,  Eisleben,  Quedlinbuig, 
Dessau,  Stassfurt,  Weimar,  and  Hettstadtf  At  the 
last-named  place  103  persons  were  affected,  and  83 
died,  I  In  Grermany  about  2  per  cent  of  swine  are 
considered  to  suffer  fipom  trichinosis. 

Modes  of  Detection, — Sausage  manufacturers  in  Grer- 
many are  said  to  have  the  eyes  of  aU  pigs  after  slaughter 


Fig.  70.— Trichiua  Spiralis  x  250. 

examined  microscopically  by  a  medical  man,  as  the 
muscles  of  the  eye  are  the  first  affected. 

Meat  suspected  to  contain  Trichinae  may  be  examined 

*  Annal,  (f  ffyffUne,  Oct.  1863.       t  Brit,  Med.  Jour,,  Jan.  16, 1864. 

t  Vide  Report  by  Dr.  Thudichnm  on  the  "  Parasitic  Diseases  of 
Qnadrupeds  used  for  Food,"  in  Seventh  Report  of  Medical  Officer  of 
Privy  Council,  1864. 


IKTENDED  FOB  THE  FOOD  OF  UAN.  425 

thus : — A  thin  section  having  been  made  with  a  Val- 
entine's knife  is  inimetsed  for  a  few  minatee  in  a 
mixture  of  liq.  potassee,  1  part  and  water  8  parts, 
until  the  muscle  becomes  clear.  If  they  aie  present 
white  specks  appear,  in  which  the  worm  is  seen  by  the 
aid  of  the  microscope,  coiled  up.  A  drop  or  two  of 
weak  hydrochloric  acid  will  often  render  the  parasite 
more  visible.  A  little  ether  may  be  added  with  the 
same  object  in  fat  meat 

A  ready  way  of  detecting  these  animab  in  flesh,  is 
that  of  soaking  it  in  a  strong  solution  of  l<^wood, 
which  dyes  the  meat  but  does  not  colour  the  trichina. 

Care  must  be  taken  to  avoid  confounding  these 


parasites  with  Bainey's  corpuscles  or  capsules  (Psoro- 
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spermia),  which  have  on  their  surface  minute  hair-like 
markings.'*^  These  bodies  were  observed  in  the  flesh 
of  cattle  that  died  of  rinderpest,  when  the  disease  en- 
tered the  country  and  destroyed  our  herds  in  1865^  by 
some  who  were  not  accustomed  to  examine  meat  micro- 
scopically, and  who  discovered  in  their  presence,  so  they 
thought,  the  cause  of  the  disease. 

An  instrument,  termed  a  harpoon,  was  devised  and 
employed  some  years  ago  in  Grermany,  when  such  large 
niunbers  of  people  suffered  firom  the  disease,  for  diag- 
nosing the  presence  of  the  parasites  in  the  human 
muscles,  and  for  noting  their  increase  or  diminution. 
It  resembled  a  trocar  with  a  minute  forceps  at  the 
pointed  extremity,  which  was  plunged  into  the  living 
muscle.  The  small  pincers  having  been  opened  by  the 
aid  of  some  mechanism  in  the  handle,  a  bit  of  the 
muscular  tissue  was  seized  and  withdrawn.  This  minute 
portion  of  muscle  was  examined  microscopically,  and 
if  present,  the  number  of  trichinae  in  the  quantity  were 
counted. 
The  Fluke.  7^  Flvke  (Distoma  hepaticum  =  the  rot) — ^is  a  para- 
site that  is  found  in  the  livers  of  men  and  animals, 
especially  the  sheep.  Many  regard  sheep's  liver,  thus 
infested,  as  a  dainty  disL  The  eating  of  garden  snails, 
whelks,  mussels,  shell  fish,  etc.,  is  considered  as  another 
mode  by  which  men  become  affected  with  this  disease, 
which  occasions  hsematuria  and  dysentery.  The  rot  is 
the  name  given  to  this  disease  as  it  occurs  amongst 
sheep,  thousands  of  which  it  kills  annually .f 

Salting  does  not  kill  cysticerci,  although  a  high 

*  PhU,  TrcmaacUans^  1857. 

t  A  good  description  of  the  transfonnatioiis  undergone  by  this  para- 
site Is  to  be  fonad  in  Aitken's  Practice  of  MMcmt, 
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temperature  and  smoking  are  said  to  do  so.  In  India 
such  meat  is  allowed  to  be  eaten  if  well  cooked.  Cook- 
ing, salting,  and  smoking  simply  lessen  the  danger,  even 
if  efficiently  performed,  and  do  not  remove  it 

Much  meat  that  is  eaten  is  very  unwisely  consumed 
in  a  raw  state,  and  more  frequently  in  a  half-cooked 
condition. 

Salting,  like  cooking,  is  generally  performed  in  an 
irregular  ever-changing  manner,  the  brine  sometimes 
being  used  so  many  times  as  to  have  become  actively 
poisonous. 

All  meat  which  contains  cysticerci,  trichina,  flukes, 
and  all  other  animal  parasites  which  are  apt  to  infest 
man,  should  be  condemned  as  unfit  for  human  food. 

In  the  reign  of  Henry  III.  butchers  who  sold 
measly  pork  were  placed  in  the  pillory. 
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CHAPTEE  XL. 

INSPECTION  AND  EXAMINATION  OF  POULTRY,  GAME,  ETC. 

As  violent  gastro-intestinal  disturbances  axe  often  ex- 
cited by  the  consumption  of  game  in  a  very  "  high " 
condition,  a  medical  ofiftcer  of  health  would  be  warranted 
in  pronouncing  any  birds,  especially  poultry,  and  hares 
exhibiting  this  decomposed  state  in  an  extreme  degree, 
as  injurious  to  health.  It  should  be  remembered  that 
the  flesh  of  game  is  apt  to  be  rendered  unwholesome  by 
the  food  eaten,  and  even  poisonous,  as,  for  example, 
when  wickedly  destax)yed  by  arsenic,  etc.  The  flesh  of 
hares  fed  on  the  rhododendron  chrysanthemum,  and 
after  coursing,*  has  been  found  to  exert  poisonous  eSects. 
Pheasants  fed  on  the  laurel  have  created  iUness  when 
eaten.  A  case  is  recorded  where  the  flesh  of  a  turkey 
proved  poisonous,  f  and  no  poison  could  be  found  on 
analysis. 

Birds,  like  mammals,  are  subject  to  a  sort  of  variola 
which  is  contagiom  Fowls,  turkeys,  and  geese  are 
sometimes  jiffected  by  it  The  presence  of  pustules  on 
the  body  of  the  bird  renders  it  for  the  time  unsaleable. 

Cholera  and  anthrax  in  poultry,  are  diseases  that 
are  not  known  to  render  them  injurious  to  the  health 
of  man  when  eaten. 

It  is  often  necessary  to  have  rabbits  confiscated,  as 
they  are  frequently  offered  for  sale  in  a  putrid  state. 

*  Lancet,  September  27,  1862. 
t  Medical  Times  and  Oazette,  March  18,  1871. 
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CHAPTEE  XLL 

INSPECTION  AND  EXAMINATION  OF  FISH. 

Although  the  quantity  that  is  annually  condemned 
throughout  this  country  is  very  great,  an  immense 
amount  of  imwholesome  fish  is  consumed  by  the  poor, 
and  creates  diarrhoea,  nettle  rash,  and  other  affections. 
Mackerel  cannot  be  eaten  in  too  fresh  a  state ;  whilst 
whiting  is  improved  by  hanging  for  a  short  time,  when 
the  weather  is  not  hot. 

When  fish  has  changed  colour,  and  has  an  offensive 
or  ammoniacal  odour,  it  should  be  seized  as  unfit  for 
human  food. 

A  bright  red  colour  of  the  gills  cannot  be  relied  on 
as  a  sign  of  freshness,  for  they  are  often  tinted  by  the 
salesman. 

Some  fish  in  the  tropics  are  always  poisonous,  whilst 
others  are  poisonous  to  some,  but  not  to  all  persons,  and 
others  are  at  times  only  injurious.  Pilchards,  mussels,* 
eels,t  crabs,!  lobsters,  oysters,  mackerel,§  turtle,  and  sar- 
dines,||  have  at  times  produced  very  unpleasant,  or  dan- 
gerous, and  even  fatal  results.  Most  commonly  dys- 
pepsia, swelling  of  the  tongue  and  fauces,  itching  of  the 

*  Medical  Tiftut  and  OaxetU,  Norember  1,  1862,  April  80,  1864, 
and  Guy's  Hospital  Reports,  October,  1850,  and  Lancet,  March  7, 1846 
and  May  5,  1866. 

t  Lancet,  June  21,  1878.  t  Lancet,  October  27, 1866. 

i  Lancet,  July  80,  1864.    ||  Medical  Times  and  Gazetts,  Dee.  18,  1862. 
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eyes  and  eyelids,  an  eruption  resembling  nettle  rash, 
with  great  irritation,  are  the  symptoms  complained  of. 
Less  frequently  numbness  of  limbs,  feeble  action  of 
heart  and  coma,  and,  in  rare  cases,  death  has  resulted 
The  nature  of  the  animal  poison  contained  in  these  fish 
is  unknown.  It  is,  in  some  cases,  thought  to  be  due 
to  some  particular  food  in  which  the  fish  has  indulged, 
and  in  others  .to  be  developed  only  during  the  breed- 
ing time. 
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CHAPTER  XLIL 

DESTRUCTION  OF  CONDEMNED  FLESH. 

The  question  often  arises  as  to  how  flesh,  which  is  con- 
sidered to  be  unfit  for  human  food,  should  be  disposed 
of. 

If  it  is  handed  over  to  the  knacker  to  be  sold  as 
food  for  cats,  there  is  a  risk  lest  the  meat  should  ulti- 
mately find  its  way  to  the  butchers'  stalls  of  the  low 
parts  of  our  cities  and  towns,  and  be  sold  to  the  poor. 
If  the  meat  is  not  unsuitable  for  dogs,  it  may,  with 
greater  safety,  be  sold  as  food  for  packs  of  hounds. 

If  meat  is  buried,  there  is  a  danger  lest  it  may 
partly  be  brought  to  light  by  dogs. 

If  it  is  buried  too  deep  to  allow  of  such  interference, 
the  meat  is  still  liable  to  get  into  the  market  by  the  aid 
of  a  resurrectionist 

Interesting  cases  of  the  resurrection  of  diseased  pigs  BMunetiflii 
are  recorded  in  the  Sanitary  Record  of  February  16th,  ^^^ 
1877,  p.  105,  and  February  5th,  1876,  p.  96.  Re- 
membering that  every  part  of  an  animal,  even  to  its 
bones  and  hoofs,  whether  diseased  or  not,  possesses  a 
distinct  money  value,  the  disinterment  during  dark 
nights  of  such  bodies  is  not  to  be  wondered  at 

Perhaps  the  best  mode  of  preventing  the  sale  of 
condemned  meat  as  human  food,  is  to  impregnate  it 
with  some  substance  that  will  render  it  unsaleable. 
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In  the  city  of  London,  where  vast  quantities,  as 
much  sometimes  as  35  tons  (=100  oxen),  of  putrid 
and  diseased  meat,  dressed  for  sale,  are  seized  in  one 
day,  the  meat  is  plunged  into  a  bath  of  the  following 
composition,  preparatory  to  its  conveyance  in  carts  to 
Deptford,  where,  by  the  help  of  machinery,  it  is  sepa- 
rated into  meat,  fibre,  fat,  and  bone,  and  subsequently 
utilized  in  trade : — 

Dr,  Sedgwick  Saunders*  Chemical  Bath, 

Cooper's  salts  (a  mixture  of  chloride  of  calcium      Value. 

and  chloride  of  sodium),  2  cwts.       .          .    1 2s,  Od. 
Sulphate  of  iron  (green  copperas),  -^  cwt  2      0 

Picric  acid,  2  lbs.      .                            .          .30 
Water,  300  gals. 0      0 


JIT 0_ 

The  chlorides  deodorize  putrid  and  stinking  meat, 
whilst  the  picric  acid  and  sulphate  of  iron  discolour  it, 
and  render  it  so  disgusting  to  the  taste,  as  to  remove 
all  fear  of  its  appropriation  for  human  food.^ 

In  country  districts,  where  seizures  of  meat  are  few 
and  far  between,  condemned  meat  may  be  most  con- 
veniently rendered  unsaleable  by  making  deep  incisions 
into  the  flesh,  and  pouring  therein  impure  carbolic  acid, 
which  possesses  a  disgusting  odour.  Creasote  and  oil 
of  turpentine  have  also  been  used. 

Instruments  have  been  invented  for  introducing  such 
fluids  readily  into  various  parts  of  a  carcase.     Defays 

*  "Beport  upon  Tarions  Methods  of  dealing  with  Meat  seized 
mm  unfit  for  haman  food  in  the  City  of  London,"  by  Dr.  Sedgwick 
giwdnnk 
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made  a  tube  with  a  lancet  point,  provided  with  a  flask 
containing  the  fluid ;  and  Kopp  recommended  a  spatula 
with  sharp  edges,  grooved  on  the  surface,  which  is 
dipped  into  the  fluid  each  time  that  it  is  plunged  into 
the  flesh. 


2f 
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CHAPTER  XLIIL 


INSPECTION  AND  EXAMINATION  OF  FRUIT  AND 

VEGETABLES. 

Half  decomposed  fruit  and  vegetables  are  deleterious 
to  health,  exciting  diarrhoea. 

Every  now  and  then  the  opinion  of  the  Medical 
Officer  of  Health  is  sought  by  the  Nuisance  Inspectors, 
as  to  whether  quantities  of  fruit  and  vegetables  axe  or 
are  not  injurious  to  health.  Simply  damaged  and  stale 
fruit  and  vegetables  cannot,  of  course,  be  so  regarded ; 
but  all  decomposing  and  offensive  vegetable  matter 
should  be  condemned. 

The  poor  are  the  chief  consumers  of  this  unwhole- 
some food.  With  vast  numbers  fresh  fniit  and  vege- 
tables are  impossible  luxuries.  I  cannot  but  think  that 
an  immense  profit  is  to  be  made  by  any  enterprising 
company  that  would  undertake  to  supply  the  wants  of 
the  poor  of  a  great  city  with  fresh  vegetables,  at  prices 
within  their  reach;  for  the  present  arrangement, whereby 
the  poor  are  supplied  with  stale  vegetables,  is  attended 
with  such  an  enormous  waste  of  these  important  neces- 
saries of  life. 
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CHAPTEE  XLIV. 

INSPECTION  AND  EXAMINATION  OF  CORN. 

IB  generally  understood  to  comprehend  the  grains 
eat,  barley,  and  oats,  to  the  exclusion  of  those  of 
oaize,  etc. 

■*  he  diflferences  between  the  appearance  of  different 
^^1  and  samples  of  wheat  and  barley,  as  indications 
*^uying  d^rees  of  quality,  can  be  better  learnt  from 
'*'*^fiurmer  than  from  a  description;  whilst  almost  every 
^  leal  man  necessarily  acquires  practical  experience  in 
*-- Vnosing  good  oats. 

^ilrains  of  com  are  sometimes  damaged  and  rendered 

little  value  by  a  "  growing  out."     When  such  com 

■ground  the  flour  is  known  in  trade  as  "  weak."    Such 

*'lar  cannot  strictly  be  said  to  be  injurious  to  health, 

teept  as  taking  the  place  of  an  equal  quantity  of  more 

mtritious  material. 

Grains  of  com  should  be  free  from  smell,  sprouting, 
Iscoloration,  and  any  evidence  of  insects  or  fungi 

The  insects  sometimes  foimd  in  com  are  the  weevil  The  Weevu. 
^--^  w,  and  the  Acarm  farincc,  the  former  visible  to 
^^  nP  the  naked  eye,  and  the  latter  by  the  aid  of 
Fig.  72.  ^  microscope.  If  (nuins  are  seen  to  be 
fcto  or  Weevil  pierccd  with  minute  holes,  and  are  found 
^  have  been  deprived  of  their  contents,  the  weevil  is 
:5e  culprit. 
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"  Earcockle,"  "  Purples,"  or  "  Peppercorn,"  are  names 
applied  to  a 
blighted  condition 
of  ears  of  com,  in 
which  the  graios 
become  green  and 
afterwards  black. 
The  grains  are 
Tie.Ta.-Yibriowtiri.xioDdi^  filled  with    a  cot- 

ton-like substance  in  place  of  flour,  which,  wheo 
moistened,  is  seen  to  be  composed  of  animalcules  in  a 
state  of  great  activity  {Viimo  tritict). 

The  wheat  midge  (Cecidomyia  tritict)  is  a  great 
enemy  of  the  farmer,  who  sometimes  sees,  early  in 
June,  myriads  of  these  little  flies  hovering  about  the 
wheat,  for  the  purpose  of  depositing  its 
eggs  within  the  blossoms.  The  caterpil- 
lars that  are  produced  from  these  eggs  in- 
terfere with  the  development  of  the  ovary, 
so  that  abortive  grains  are  alone  found. 
Small  birds  happily  prey  on  the  midge, 
and  thus  lessen  the  mischief. 

Certain  vegetable  parasites  also  de- 
teriorate com  in  value,  and  sometimes 
render  it  poisonous. 

Ergot  {Oidium  arborli/aciens)  is  a  fun- 
gus which  shows  a  decided  preference  for 
rye,  but  also  attacks  the  ears  of  wheat. 

In  countries  where  rye  bread  is  eaten 
to  a  large  extent,  a  peculiar  disease,  named 

^-  '*■  ergotism,  has  prevailed  epidemically.   This 

Oldlnni    KborU-      ,.        ,       , 
'"iMjior  fc-    disorder  has  been  noticed  m  two  distinct 

Hio.  forms — the  one  a  nervous  disease,  char- 
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acterized  by  spasmodic  convulsions;  and  the  other, 
which  is  known  in  Freince  as  gangrenous  ergotism,  and 
in  Germany  as  the  creeping  sickness.  The  symptoms 
of  each  form  are  well  described  in  Christison's  work 
on  Poisons, 

There  are  two  chemical  tests  for  ergot — the  first  by 
Laneau,  and  the  second  by  Wittstein. 

Make  a  paste  of  the  fiour  with  a  weak  alkali ;  add 
dilute  nitric  acid  to  slight  excess,  and  then  neutralize 
with  an  alkali,  when  a  violet  red  colour  is  produced  if 
eigot  be  present,  which  becomes  rosy  red  when  more 
nitric  acid  is  added,  and  violet  when  an  alkali  is  intro- 
duced. 

The  second  test  for  ergot  is  to  add  liquor  potassae  to 
the  flour,  which  develops  a  herring-like  smell  if  it  con- 
tains ergot. 

Smvt  (Vredo  segetum)  is  a  fungus  that  exhibits  a^smnt' 
partiality  for  barley  and  oats. 


Fig.  76.— Undo  segetom,  x  430  diam.         Fig.  70.— Uredo  cariet,  x  420  diam. 

ButU  or  Brand  (Uredo  caries  or  foBtida)  is  a  fungus  Bunt  or 
only  met  with  in  wheat  grains.     As  its  name  indicates  ®''°*^ 
it  possesses   a  disgusting  smelL      It  is  questionable 
whether  or  not  the  consumption  of  flour  containing 
this  fungus  is  deleterious  to  health.     It  is  chiefly  em- 
ployed in  the  manufacture  of  gingerbread. 

Bvst  {Puccinia  graminis). — This  fungus  infests  the  Rwi 
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chaff,  stem,  and  leat    In  its  young  state  it  waa  formerly 
known  ander  the  name  of  Uredo  rvbigo  and  Unearit. 


—Pacdiil*  gnmlBl),  x  M«  (nftar  Huull). 
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INSPECTION  AND  EXAMINATION  OF  FLOUR. 


In  the  inspection  of  flour  we  should  note  the  colour, 
smell,  taste,  and  feel,  for  we  may  then  receive  a  valu- 
able hint  as  to  its  wholesomeness  or  quality.  Weevils 
(Calaiidra  granaria,  vide  fig.  72)  are  often  found  by 
this  rough  scrutiny. 

The  examination  of  flour  that  devolves  on  the 
medical  officer  of  health  is  of  two  kinds :  chemical  to 
determine  its  quality ;  and  microscopic  to  discover  the 
presence  of  adulterants  and  of  animal  parasites,  which 
are  often  foimd  in  damaged  flour. 

The  adulteration  of  wheaten  flour  with  that  of 
cereals  of  less  nutritive  value,  or  with  vegetables  that 
are  deficient  in  nitrogenous  principles,  may  be  consi- 
dered by  some  as  one  of  fraud,  which  does  not  concern 
a  guardian  of  the  public  healtL 

The  weakening  of  the  strength  of  the  "staff  of  life," 
on  which  the  poor  man  has  principally  to  lean  for  the 
support  of  himself  and  family,  is  an  undoubted  injury 
of  very  serious  import.  The  substitution  of  fat-form- 
ing for  flesh-producing  principles  into  the  staple  article 
of  diet,  cannot  but  be  regarded  as  a  wrong  that  is  cal- 
culated to  diminish  the  working  powers  of  labourers  of 
all  classes. 

The  regulations  for  the  govecoiDeat  of  King  Henry 
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VIII. 's  household  ordain  that  "his  highness's  baker 
shall  not  put  alum  in  the  bread,  or  mix  rye,  oaten,  or 
bean  flour  with  the  same,  and,  if  detected,  he  shall  be 
put  in  the  stocks." 

The  nutritive  value  of  the  difTeient  faritiaceouB 
articles  of  food,  especially  of  those  with  which  floor  is 
apt  to  be  adulterated,  is  well  seen  in  Dr.  Letheby's 
Table  of  Analyaea,  an  abridgment  of  which  may  be  use- 
fully inserted  for  reference. 

NUTBITIYE  VALUES  IN  ONE  HUNDRED  PAETa 


NntilUv* 

VtlnnotUw 

pttDdpd 

FulniGeoVj 

FwnK. 


If  wheaten  flour  is  made  by  grinding  together  the 
whole  of  the  grain,  it  contains  more  flesh-formiiig 
material  than  any  other  of  the  cereals,  sometimes 
reaching  to  22  per  cent.  The  finer  the  flour  the  less 
of  nitrogenous  matters,  of  fat  and  of  mineral  matters, 
and  the  more  of  starch.     The  most  nutritious  portions 
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of  the  grain  are  the  outer  or  coarser,  which,  contain- 
ing a  larger  proportion  of  cellular  fibre  and  woody 
matter,  are  less  easily  digested  by  persons  of  weakly 
constitution.  Bread  and  puddings  made  of  whole 
meal  flour  are  highly  nourishing,  if  they  can  be  easily 
digested,  and  do  not  exert  a  too  great  laxative  influence 
on  the  intestines  through  the  mechanical  irritation  of 
the  small  portions  of  husk  or  bran. 

The  most  distinguished  dentists  of  the  day  tell  us 
that  one  great  cause  of  the  caries  of  teeth  is  the  substi-  cuiat  or 
tution  of  the  fine  and  delicately  prepared  for  the******* 
coarser  and  rougher  foods  that  belonged  to  a  former 
and  less  civilized  state  of  society.  Whole  meal  bread, 
potatoes  undeprived  of  their  skins,  etc.,  etc.,  are  sug- 
gested as  preferable.  Whether  or  not  such  coarse 
foods  act  beneficially  on  the  teeth  in  a  mechanical 
manner  by  scouring  them,  and  so  preventing  accumula- 
tions of  food  and  tartar,  does  not  transpire. 

Chemical  Examination. 

Wanklyn's    analysis    of   fine  wheaten  flour  is  as 
follows : — 

Water  .....  16-6 

Ash      .....  074 

Fat       .                           .             .              .  1-2 

Sugar,  Qum,  and  Dextrine           .              .  3 '3 

Albuminous  matters  (Qluten,  etc.)   .         .  12*0 

Starch  .....  66*3 


100  0 


Water, — Place  a  little  flour  in  a  small  platinum  imoimt  of 
dish  (such  as  is  employed  for  obtaining  milk  residues)  ^'^^'^'^""^ 
of  known  weight,  and  weigh  it     Place  the  dish  thus 
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charged  over  a  hot  water  bath  for  one  hour  and  a  half 
to  drive  off  moisture.  Weigh  and  then  replace  the 
dish  on  the  bath,  and  after  the  interval  of  half  an  hour 
again  weigh.  The  object  of  weighing  twice  is  to  be 
sure  that  all  water  is  expelled.     For  example : — 

Sample  of  flour  and  dish  .  9*959 

Platinum  diBh  .  .  .  7*978 

Weight  of  flour  .  .  .  1-981 

After  Exposure  on  Hot  Water  Bath. 

Ist  Weighing.  ad  Weighing. 

Flour  and  dish  .         9*680         .  9*650 

Diah  ,  .  .         7-978         .  7*978 

1'702  '  1*672 

To  obtain  percentage — 

Weight  of  flour  taken.    ^"« ^^0'!^^  "^'^'*'' 

1-981  :  1-672  :     :  100 

100 


l-981)167-200(84-4 
100—84-4  =  15-6  per  cent. 

Good  flour  contains  on  an  average  from  about  14  to 
16  per  cent  of  moisture.  The  more  water  that  is 
present  the  greater  the  liability  to  change,  and  the  less 
nutriment  in  a  given  weight.  Professor  Parkes 
counselled  that  flour  containing  over  18  per  cent  of 
water  should  be  rejected. 
Weight  or  Ash. — Bum   the   dried   contents  of   the    dish  by 

applying  the  flame  of  a  Bunsen's  burner.  The  coke 
formed  requires  to  be  stirred  with  a  piece  of  thick 
platinum  wire.  It  is  at  length  reduced  to  an  ash, 
which  should  be  weighed.     For  example : — 
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Weight  of  ash  and  dish  8*036 


i> 


dish      .  .         7-978 


Weight  of  ash     .  *057 

Weight  of  floor  taken.         Weight  of  ash. 

1-981  -057  :  100 

100 


1 -981)  5-700(2-87 
Ash,  8'87  per  cent. 

The  average  weight  of  ash  is  '7  to  '8  per  cent. 
Wanklyn  states  that  if  a  sample  of  wheaten  flour 
yields  more  than  this  amount  there  is  something  wrong 
about  it,  and  the  presence  of  a  mineral  is  suspected. 
The  inorganic  substances  with  which  flour  is  most 
commonly  adulterated  are  carbonate  of  lime  or  magnesia, 
sulphate  of  lime,  bone  dust,  etc.  If  the  ash  exceeds 
2  per  cent,  add  hydrochloric  acid.  If  distinct  effer- 
vescence is  produced,  chalk  has  been  probably  added. 
The  ash  of  flour  consisting  of  groimd  leguminous  seeds, 
is  heavier  than  that  of  wheat-flour,  and  is  strongly 
alkaline. 

The  ash  of  flour  is  composed  mainly  of  the  three 
phosphates  of  potash,  magnesia,  and  lime. 

To  detect  mineral  substances  shake  the  flour  with 
chloroform  in  a  test  tube.  The  flour  floats,  and  inor- 
ganic bodies  subside. 

The  ash  of  pure  oatmeal  does  not  exceed  2*36  per 
cent. 

Sugar,   Dextrine,    and    Gum. — Weigh    out    100  sngtr.Des- 
grammes  of  flour,  and,  having   placed  it  in  a  lai^^Sj*^ 
porcelain  evaporating  dish,  introduce  some  water,  and 
mix  the  water  and  flour  thoroughly  together  ynOi  the 
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fingers,  so  as  to  ensure  the  complete  admixture  of 
every  particle  of  the  flour  with  the  water.  This  semi- 
fluid mixture  is  poured  into  a  half-litre  flask,  and  water 
is  added  until  the  mark  is  reached  denoting  that 
quantity.  The  contents  of  the  flask  are  filtered.  After 
rejecting  the  first  portions  of  the  filtrate,  50  c.  c.  of  the 
filtrate  are  collected  and  evaporated  to  dryness  in  a 
platinum  dish  of  known  weight  on  a  water  bath. 

Weight  of  dish  and  substance  after  evaporation    26*875 
„         dish  .  .  26*210' 

*666 

As  a  tenth  (50  c.  c.)  of  the  500  c.  c.  (half-litre)  which 
contained  the  100  grammes  of  flour  was  taken,  it  is 
necessary  to  multiply  by  10  to  obtain  the  percentage : 
•665  X  10  =  6-65. 

A  cold  aqueous  extract  should  not  exceed  4*7  per 
cent. 

The  Albuminous  principles  are  divided  into  those 
which  are  soluble  and  those  which  are  insoluble  in  cold 
water.  The  former,  which  include  vegetable  albumen, 
are  calculated  in  the  last-described  estimate  of  the  cold 
water  extract.  The  latter  are  known  under  the  name 
of  gluten,  a  mixture,  according  to  Eitthausen,  of  gliadin, 
gluten-casein,  gluten-fibrine,  and  mucedin. 
oiuten.  Olvten. — This  compoimd  body  is  estimated  by 
two  methods — the  rough  one  of  mechanically  sepa- 
rating the  gluten,  and  the  more  delicate  adaptation  of 
the  ammonia  process  {i>ide  page  453).  It  is  wise  to 
employ  both,  so  that  one  may  confirm  or  negative  the 
other. 

Place  100  granmies  or   100   grains  in  a   Berlin 
evaporating  dish,  and  mix  it  thoroughly  with  a  little 
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water,  so  as  to  make  a  dough.  Add  water  to  it,  mean- 
time kneading  it  well  with  the  fingers.  Pour  oflf  the 
water  and  add  fresh.  This  addition  and  removal  of 
water  is  carried  on  untfl  the  water  ceases  to  be  milky 
in  appearance,  when,  all  starch  having  been  thus  re- 
moved, only  a  tenacious  mass  of  gluten  remains,  which 
is  to  be  dried  on  the  water  bath  and  weighed. 

Good  flour  contains  from  8  to  12  per  cent  of 
gluten.  Professor  Parkes  says  that  flour  should  be 
rejected  in  which  it  falls  below  8  per  cent. 

Accidental  and  intentional  admixtures  of  arsenic  Metanio 
with  flour  sometimes  but  rarely  occur.     I  have  only 
encountered  one  case,  although  I  have  been  in  the  pro- 
fession twenty  years. 

A  remarkable  case  of  an  outbreak  of  lead  poisoning, 
in  which  between  fifteen  and  twenty  persons  were 
simultaneously  aSected,  has  recently  been  published  by 
Dr.  Alford.*  It  was  traced  to  the  admixture  of  lead 
with  the  flour  in  the  process  of  grinding  the  com.  The 
millstone  being  of  a  very  loose  nature,  large  spaces 
existed  in  it,  which  had  been  filled  up  by  pouring  into 
them  quantities  of  molten  lead.  There  were  ten  pounds 
of  lead  upon  the  surface  of  the  miUstone,  and  the  cavi- 
ties were  all  filled  with  the  same  metaL  The  ordinary 
tests  described  in  the  text-books  on  chemistry  roughly 
applied  are  suflicient  to  identify  either  of  these  poisons 
as  they  occur  in  flour. 

Microscopic  Examinaiion, 

The  most  common  animal  found  in  flour  that  has 
been  kept  in  a  damp  place,  or  been  otherwise  damaged, 

*  Sanitary  Record,  Mij  SStli, 
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is    the  Acarui  farince,  which   multiplies    with    gnat 
rapidity. 


ng,  TS.  — AcsRit  fuioo,  X  St  dhun.  (afler  Fuktt). 

Barley-meal,  beans,  potato,  maize,  oat,  rye,  and  rice, 
are  the  most  common  adultereLDta  of 
wheat  ilour,  which  may  all  be  detected 
\  by  the  microscope. 

,  Barley. — Tlie  starch  granules  of 
'  barley   30    closely    resemble   those    of 
wheat  that  they  cannot  readily  be  dis- 
jj  tinguiflhed  from  one  another.     Barley 
cuwran).  starch  coDsists  rather  of  small  and  lai^ 

grains,  with  very  few  of  an  intermediate  size  ;  whereas 
this  peculiarity  does  not  exist  in  the  case  of  wheat 
statch. 


.    (.lUr  " 
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When  mingled  together,  as  ia  the  adulteration  of 


ng.  so.— TuUorWhut,  x  200  (•»«  HuuIIX 
Trtouvrm  Sietbm  0/  Tola  of  ri'jktaf  Crala.~d.  OUi  ot  ■Dtstucsof  gnln  contiln- 
tng  itirch  itninnlea.     The  Mita  coniiiCa  of  8  «»ti,  1  longltDiUiut  uid  1  UuutarM. 
LoHfUwIiiuiICool— Oilier  Layn-.^Uargliu  of  celli,  dUUncll;  buded. 
rra-utrrH  fBit,— MkkUu  orpclH.  budcd,  Mit  ta  11 1«i  erteot 
Lmviluflnal  CUli <i/ Sir/ant q^OmiH at  coniliU of  onl;  nDtUircr. 

wheat   vith   barley,  it  is  thus   almost   impossible   to 
distinguish  the  two  starches.     As  the  finest  flour  con- 


1  of  DuIbt,  X  IK  (liner  HmuU). 


T  Loyir.— Uugtu  ot  ccUi  not  buded,  but  lUghtlr 


B  of  the  grain, 
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the  presence  of  barley  meal  ia  diagnosed  by  an  examina- 
tion of  portions  of  the  testa,  which  should  be  sought  fot 
Tlie  cells  of  the  substance  of  the  grain  of  barley  m 
seen  when  emptied  of  starch  to  be  of  more  debcatt 
structure  than  those  of  wheat,  and  to  present  a  fibioiis 
appcaranca 
■nsunh.  2.  Bean. — The  addition  of  beans  can  easily  'tx 
detected  by  a  microscopic  examination. 


Fig.  K.— Bsu  BUreh  (ifter  Pukca). 

If  a  little  boiling  water  be  thrown  on   flour  thus 


«(.  U.~Fotato  SUrch  not  polulisd,  X  IM  Ci>n«T  PtAtm). 
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adulterated    t^e     characteriBtic     smell    of    beans     ia 
evolved. 

Donne's  test  consists  in  pouring  eucceaaively  a  little 
nitric  acid  and  ammonia 
on  the  flour.  If  it  is  not, 
adulterated  with  beans 
no  marked  reaction  is 
apparent;  but  if  bean 
meal  is  present  a  deep 
red  colour  is  observed. 

3,  Potatoea. — If  pota-  i 
to  starch  is  found  in  * 
flour  the  dilution  is  as 

much  a  fraud  as  that  of 

■water  with  milk.     The     „         „       „,.,_..„ 

Ftg.  M— PotataSurchpoUitiMl,  X  300. 

pyriform  appearance  and 

eccentric  hilum  are  characteristics  of  this  starch. 

4,  Maize. — The  starch  granules  on  the  outer  part  of  > 

©® 


A 
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the  grain  are  of  bexf^onal,  and  in  the  centre  of  a 
spherical  or  oval  fonu. 

5.  Oats. — ^The  granules  of  oat  starch,  unlike  those 
of  the  other  starches,  do  not  exhibit  the 
black  characteristic  crosaes  under  the 
influence  of  polarized  light.  As  oata 
is  a  very  highly  nitn^eaous  material, 
the  admixture  of  a  Uttle  oatmeal,  with 
other  farinaceous  foods,  cannot  be  ob- 
pig.B6.-o»t8u™ii.ji  jected  to  on  sanitary  grounds. 

'"  Oaitneal  contains  more  fatty  matters 

than  wheaten  flour.  Where,  as  in  Scotland,  oatmeal,  to  a 
very  lai^  extent,  takes  the  place  of  vheaten  flour,  the 
toning  down  or  weakening  of  oatmeal  with  the  less 
nutritive  barley  meal,  is  a  practice  which  is  much  to  be 
objected  to.*  The  microscope  shows  the  presence  of 
starch  granules,  which  may  be  either  wheat  or  barley. 
As  wheat  is  not  employed  as  an  adulterant,  the  granides 
wQl  almost  certainly  be  tho-se  of  barley.f  It  is  asserted 
that  retail  dealers  mix  barley  meal  with  the  somewhat 
buiT-coloured  oatmeal,  to  impart  a  white  and  cleaner  hue 
The  presence  of  about  one  per  cent  of  barley  in  oatmeal 
may  be  charitably  looked  upon  as  accidental,  but  as 
much  as  5  per  cent  must  be  regarded  as  a  fraud. 

As  a  mode  of  estimating  the  percentage  of  barley 
in  oatmeal  that  is  adulterated  with  it,  Dr.  Muter  sug- 
gests the  measurement  of  the  starch  granules  by  the 
aid  of  a  ^  inch  objective,  and  a  "  B  "  micrometer 
eyepiece.     Oat  granules  measure  '00037  inch.     Bar- 

*  Conviction  for  adulteratbg  oaUueal  with  from  26  per  cent  to  35 
per  cent  of  barley  meoL     Saniiary  Rteord,  Janoajy  20,  1877,  p-  13. 

t  Engliih  barley  u  of  courw  dearer,  but  foreign  barley  ta  cheaper, 
than  oata. 
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ley  granules  measure  '00073  inch,  and  a  few  of  them 
four  times  this  size,  namely  -00292  inch.  He  WTitea* 
— "  The  beat  criterion  to  go  on  tor  the  estimation  of 
the  percentage  is  the  number  of  granules  measuring 
■00292  inch,  which  are  found  in  barley  to  bear  a  very 
constant  relation  to  the  -00073  inch  grauules." 

6.  Bye. — The  pecuhar  rayed  hilum  of  rye  starch  v.jnt 
serves  to  distinguish  it  from  any  other. 


Fig.  SB,— Rl«  Starcb,  M  «» (aftar 


7.  Rice. — Inferior   rice   is   sometimes  fraudulently  riu  sb 
mixed  with  wheaten  flour  to  render  bread  whiter  and 
heavier,  for  rice  retains  much  moisture. 

Lolium.  lemulenlum,  or  Darnel  Grass. — The  seeds  of  Dunai 
this  grass  are  apt  to  become  accidentally  or  fraudulently  '^"^ 
mixed  and  ground  with  the  grains  of  wheat.  As  the 
seed  of  this  grass  is  a  poison  of  tlie  acro-narcotic  class, 
it  is  necessary  to  be  able  to  di^nose  the  dangerous 
admixture.  Giddiness,  tremor,  convulsions,  and  vomit- 
ing, are  the  symptoms  commonly  produced  by  enting 
bread  containing  the  flour  of  darnel  grass.  Many 
accidents  from  consuming  flour  thus  poisoned  are 
lecorded.f  In  the  well-known  case  of  poisoning  at  the 
Cologne  prison,  in  which   sixty  persons  were  affected, 

*  Anaiytt,  January  Slat,  1877,  p.  190. 

t  Londun  Aftdical  and  Phyiiologieal  Journal,  iiyiii.  182 ;  Bnchiwr'i 
TorikologU,  174  ;  Annahn  der  Pharmadt,  itL  .118. 
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one  and  a  half  dr&chms  of  daniel  were  found  m  eveij 
aix  ounces  of  the  flour.  The  starch  granules  of  the 
damel  closely  resemble  those  of  oats,  but  the  differenw 
in  the  appearance  of  the  t«sta  of  the  two  grains  is  van 
striking. 

Pure  flour,  when  mixed  with  alcohol,  forms  a  straw- 
coloured  solution,  which  possesses  an  agreeable  taste. 


89.— Testa  of  0>t  Onlu,  > 
m.  a.oater;b,iiiLddl«:c.i 
UCirteiHuull). 


Flour  which  contains  damel  is  said  to  give  a  greenisb 
solution,  with  a  disagreeable  repulsive  taste,  and  on 
evaporation  a  resinous  yellow  green  extract  is  lefl 
(Parkes). 

If  some  difficulty  is  experienced  in  forming  an 
opinion,  the  physiological  test  of  administering  a  small 
quantity  to  a  dog,  and  noticing  the  efl'ect,  is  admissibla 
Some  rare  cases  of  poisoning  have  occurred  from  the 
mixture  with  flour  of  vetches  named  Latkyrus  aativus, 
and  cicera,  and  of  the  pollen  of  the  male  catkin  of  the 
hazeL 

If,  whilst  inspectii^  a  specimen  of  flour  with  the 
microscope,  particles  possessing  a  resemblance  to  frag- 
ments of  bone  are  noticed,  the  appearance  of  which, 
when  magnified,  is  well  known  to  every  medical  man, 
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a  drop  of  a  solution  of  nitrate  of  silver  should  be 
added,  and  the  flour  again  examined  by  the  microscope. 
If  these  minute  objects  really  consist  of  bone  dust, 
they  will  become  yellow  imder  the  influence  of  this 
reagent. 

The  principal  proteine  substances  occurring  in  the 
y^etable  kingdom  are  gluten,  legumin,  vegetable 
caseine,  and  vegetable  albumen. 

An  estimation  of  the  proteine  value  of  the  different  nieProtoiiM 
farinaceous  foods  may  be  conveniently  made  by  a  modi-  prf^p^ 
fication  of  the  ammonia  process  of  Wanklyn,  Chap-  »Min«»«M 
man,  and   SmitL     Its  adaptation  to  this  purpose  is  estimmtod 
described  in  the  Philosophical  Magazine,  May  1877,  ^^^ 
which,  with  certain  improvements  that  have  suggested  PioceM. 
themselves    in    working    it,  wiU    be   here   described. 
Place  a  gramme  of  the   vegetable  substance,  which 
should  be  in  a  state  of  fine  powder,  in  a  litre  flask,  and 
add  20  cub.  cent,  of  a  decinormal  solution  of  caustic 
potash  (1*4  gramme  of  caustic  potash  in  ^  litre  of  dis- 
tilled water);  pour  a  little  distilled  water  into  the  litre 
flask  and  shake  ;  add  a  little  more  distilled  water  and 
again  shake  vigorously  the  contents  of  the  flask ;  con- 
tinue the  addition  of  the  distilled  water,  occasionally 
stopping  to  shake,  until  the  litre  mark  is  reached  by 
the  level  of  the  liquid.     If  the  shaking  has  been  thor- 
oughly performed  the  farinaceous  substance  will  be 
equally  diffused  throughout  the  litre  of  water,  other- 
wise there  will  be  small  lumps  that  will  settle  at  the 
bottom  of  the  flask.     The  retort  and  Leibig*s  condenser 
that  are  employed  in  water  analysis  are  arranged  for  a 
distillation.     Pour  into  the  retort  a  ^  litre  of  distilled 
water  and  50  cub.  cent  of  the  permanganate  of  potash 
and  caustic  potash  solution  {vide  page  175),  and  distil 
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until  the  distillates  that  pass  over  are  quite  free  from 
ammonia,  which  is  of  course  ascertained  by  the  Nesder 
reagent.  Then  add  to  the  contents  of  the  retort  10 
cub.  cent,  of  the  liquid  in  the  litre  flask  that  contains 
the  vegetable  substance  (10  milligramines)  to  be  ex- 
amined, and  proceed  with  the  distillation.  Each  50 
c.  c.  that  distils  over  is  to  be  Neeslerized,  and  the 
depth  of  tint  estimated  by  a  standard  solution  of  am- 
monia, exactly  as  in  water  analysis.  The  amount  of 
ammonia  found,  if  multiplied  by  10,  yields  the  per- 
centage of  proteine  compounds.  Messrs.  Wanklyn 
and  Cooper  give  the  following  determinations  in  the 
paper  above  referred  to  : — 


] 

Percentage  of  Ammonia. 

Percentage  of  PirotdM 
Componnda. 

Wheaten  flour 

.      l^OO  to  1-13      . 

.       1000  to  11-3 

Pea  flour    . 

2-30 

23-0 

Rice  . 

0^62 

6-2 

Maize 

103 

10-3 

Oats. 

1-00 

10-0 

Barley 

I^IO 

110 

Malt. 

•50 

6-0 

Rye  . 

1-45 

14-5 

Arrowroot . 

•08 

•8 
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CHAPTER  XLVL 

INSPECTION  AND  EXAMINATION  OF  BREAD. 

An  inspection  of  bread  will  often  afiford  many  suggest- 
ive hints  as  to  its  condition.  It  is  quite  unnecessary 
to  describe  the  appearance,  taste,  and  smell  of  good  bread, 
for  every  one  is  familiar  with  it  How  few,  however, 
have  any  notion  as  to  the  unwholesome  manner  in 
which  the  greater  part  of  the  bread  that  is  eaten  is 
manufactured.  Pure  bread  is  rarely  procurable  in  our 
towns  and  cities,  under  the  present  system  that  pre- 
prevails  of  "  flesh  dough-kneading."  The  cellars  em- 
ployed as  bakehouses  in  London  and  other  cities  are 
generally  filthy  places,  with  drain  smells,  infested  with 
beetles,  mice,  and  rats,  which  make  playful  incursions 
into  the  kneading-trough  and  flour-sacL  The  work  of  Mode  of 
kneading  is  so  laborious  as  to  excite  profuse  perspira-  JJ^^^^ 
tion,  which  drops  into  the  dough.  The  flour  rises  in  b»«L 
clouds,  and  the  workers  b^in  to  cough  and  sneeze. 
When  the  process  is  almost  finished,  the  dough 
adhering  to  their  arms  is  scraped  off,  and  the  flour 
that  has  settled  on  their  hair  is  brushed  off  with  a 
coarse  brush  into  the  kneading-trough.  This  cast-off 
epithelium  from  the  skin,  hairs,  head  scurf,  nasal  and 
pulmonary  excretions  of  men,  the  majority  of  whom 
are  dirty  and  unhealthy,  are  mingled  with  the  dough 
that  forms  our  daily  bread.     Fifteen  years  ago  these 
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revolting  disclosures  were  made  dprcpas  of  the  griev 
ances  of  journeymen  bakers/ and  are  to  be  found  in 
Government  Blue  Books  *     Notwithstanding  the  pub 
licity  given  to  these  facts,  the  manufacture  of  neark 
all  bread  is  carried  on  at  the  present  time  in  the  sane 
disgusting  way.t     Forgetfulness  would    appear  to  oe 
bliss  no  less  than  ignorance.   As  guardians  of  the  pubic 
health,  it  behoves  medical  officers  of  health,  not  oriy 
in  the  interest  of  the  journeymen  bakers  themselves 
whose  lives  are  so  terribly  shortened  by  their  unwhole- 
some avocation,  but  in  those  of  the  public  at  large,  whc 
are  supplied  with  foul  bread,  to  bring  about  the  employ- 
ment of  machine-made  bread.     The  apparent  failure  to 
substitute  the   machine   dough-kneading  for  the  flesh 
dough-kneading  is  principally  due  to  the  cost  of  the 
machine,  namely  £60  or  £70,  to  which  expenditure 
bakers  are  naturally  averse. 


Microscopic  Examination, 

The  presence  of  fungi  in  bread,  such  as  the  several 
varieties  of  Pcnidllium  or  common  mildew,  which  gives 
a  greenish  or  brownish  or  reddish  hue,  in  patches,  or 
the  (Hdium  orantiaeum,  which  is  distinguished  by 
yellow  spots,  shows  that  it  is  unfit  for  human  food,  for 
there  is  good  reason  to  believe  that  illness  has  been 
produced  by  such  bread. 

As  cooking  so  greatly  alters  the  appearance  of 
starch  granules,  the  flour  from  which  the  bread  is  made 
should  be  examined. 

*  Vide  Report  of  H.M.  Special  Commissioner,  H.  S.  Tremenheere, 
Esq.,  C.B.,  to  the  Secretary  of  State  of  the  Home  Department. 
+  Vide  Medical  Examiner,  July  12, 1877,  and  July  19, 1877. 
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Adulterations  of  Bread. 


The  most  common  adulterants  of  bread  are — 
Alum. 
Terra   alba  (hydrated  sulphate   of  lime)  and 

whiting  (fine  carbonate  of  lime). 
Sand. 

Sidphate  of  copper. 
Rice. 
Potatoes. 
1.  Alum, — If  the  grain  of  wheat  is  subjected  to  Aium. 
warmth  and  moisture — as,  for  example,  from  long  expo- 
sure  in    the    field,  or    from    storage    in   warm  damp 
granaries — a  certain  degree  of  germination  occurs,  an 
action  which  is  accompanied,  by  the  conversion  of  the 
albuminous    matters    into   diastase   (a  substance   that 
changes  part  of  the  starch  into  dextrine),  and  a  saccha- 
rine body  called  glucose.     In  the  manufacture  of  bread 
from  this  damaged  or  partially  fermented  flour,  a  larger 
quantity  of  sugar  is  formed  from  the  starch  under  the 
influence  on  it  of  the  diastase  than  is  desirable,  a  sweet- 
ish, unpleasant,  dark-coloured  loaf  being  the  result. 

Alum,  if  added  to  damaged  flour,  checks  the  action 
of  the  diastase  on  the  starch,  and  thus  prevents  its  con- 
version into  dextrine  and  sugar,  at  the  same  time 
improving  the  colour  of  the  bread. 

Damaged  flour  being  apt  to  create  dyspepsia  and 
diarrhoea,  this  astringent  salt  is  foimd  to  neutralize  to 
some  extent  these  ill  effects.  The  scoundrels  who  thus 
swindle  the  public  by  passing  off  as  a  superior  food  of 
the  first  ([uality,  at  a  higli  price,  an  unwholesome  and 
inferior  doctored  article,  are  happily  amenable  to  the 
law.     One  imfortunat^  stumbling-block  in  the  way  of 
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ilphate 
d 

rboxuite 
Lime. 


preventing  this  extensive  system  of  fraud,  which  is  so 
injurious  to  that  part  of  the  community  that  depends 
so  largely  for  its  sustenance  on  bread — namely,  the 
agricultural  labourer — has  been  the  difierenoe  of  opinion 
amongst  scientific  men  as  to  whether  or  not  alum  is 
injurious  to  health  in  the  quantities   in  which  it  is 
generally  detected  in  bread     The  view  that  prevails 
amongst  physicians  is  that  a  daily  dose  of  alum,  even 
if  in  minute  quantities,  is  not  by  any  means  conducive 
but  rather  deleterious  to  health.     Dr.  Dauglish  holds 
that  the  efficacy  of  alum  in  the  prevention  of  the  solu- 
tion and  decomposition  of  starch  in  the  loaf  is  more  ot 
less  continued  in  the  stomach;  for  the  alum,  whilst 
neutralizing  the    action  of  the  diastase,  will   further 
neutralize  the  influence  of  the  gastric  juices,  the  result 
being  imperfect  digestion,  with  the  consequent  elimina- 
tion from  the  system  of  substances  which  should  other- 
wise meet  with  ready  assimilation  as  true  food,  includ- 
ing a  large  proportion  of  gluten  and  unaltered  starch.* 
Many  scientific  chemists,  who  have  but  a  smattering  of 
medical  knowledge,  consider  that  alum  in  bread  is  harm- 
less, except  perhaps  when  present  in  large  amount.     In 
many  districts,  where  the  only  water  obtainable  is  muddy, 
it  is  the  practice  to  place  a  pinch  of  alum  in  a  large  butt 
of  water  to  clarify  it  by  a  precipitation  of  the  suspended 
impurities.     The  men  in  such  parts  drink  nothing  but 
beer.     I  have  never  seen  amongst  the  wives  of  these 
men  who  drink  such  water  a  perfectly  healthy  woman. 
2.   Terra  Alba  {Hydrated  SulpJiate  of  Lime  =  Plaster 
of  Paris)  and  Whiting  {Carbonate  of  Lime), — The  pre- 
sence of  this  and  other  mineral  substances  in  bread  is 


♦  "Bread  and  Bread  StuflGs,"  by  B.  Dyer;  Sanitary  Record^  Dec. 
14,  1877. 
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suspected  if  the  ash  is  excessive.  It  should  not  exceed 
2  per  cent.  The  flour  from  which  the  bread  has  been 
made  should,  if  possible,  be  procured,  for  flour  can  be 
reduced  to  ash  far  more  rapidly  than  bread.  Care 
should  be  taken  not  to  mistake  the  coke  for  the  ash. 
Ee-ignition  will  diminish  the  weight  of  the  coke,  but 
not  that  of  the  ash.  The  ash  of  flour  which  is  unadul- 
terated with  mineral  matter  does  not  exceed  7  to  8  per 
cent  The  prompt  action  of  the  Sussian  Government 
during  the  recent  Kusso-Turkish  campaign,  on  discover- 
ing that  the  flour  furnished  by  the  head  of  the  Commis- 
sariat Department  contained  a  large  percentage  of  terra 
alba,  is  to  be  commended.  The  man  who  endangered 
the  success  of  the  enterprise  was  immediately  shot  for 
his  dishonesty. 

3.  Sand. — The  admixture  of   sand  with  bread  is  SuuL 
easily  shown  by  the  silica  determination.     The  average 
amount  of  silica  in  good  bread  is  about  '025  per  cent 

4.  Sulphate  of   Copper  is  used  by  bakers  on  the  SaiphAtd  or 
Continent  in  small  quantities  to  give  a  white  colour  and  ^^p"- 
otherwise  improve  the  appearance  of  bread  manufactured 

from  damaged  flour.  The  continual  use  of  bread  thus 
adulterated  cannot  fail  to  be  injurious  to  health,  what- 
ever the  quantity  of  the  poison  may  be. 

Modes  of  Detection, — 1.  Cut  a  smooth  slice  of  bread 
and  draw  across  its  surface  a  glass  rod  dipped 
in  a  solution  of  ferrocyanide  of  potassium. 
If  copper  be  present,  the  streak  will  be  of  a 
browmsh-red  colour. 
2.  Burn  a  quantity  of  bread  (or  flour,  if  it  is  desir- 
able to  test  it)  to  an  ash.  Boil  the  ash  in  a 
platinum  crucible  with  a  few  drops  of  strong 
sulphuric  acid,  which  should  afterwards  be 


lot 
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diluted  with  water.  Place  in  the  sdiiboiil 
piece  of  copper  or  zinc.  If  copper  be  pw*! 
it  will  be  deposited  on  the  sorhce  d  ^j 
platinum. 

5.  Potatoes  are  generally  added  when  they  o| 
cheap,  in  a  mashed  form,  to  dilute  the  flour  and  Rok 
bread  heavier,  for  they  contain  between  70  and  SOpBl 
cent  of  water.  Bread  thus  adulterated  has  a  dtfif' 
appearance  and  taste.  Many  housewives  add  a  iff 
boiled  potatoes  to  the  flour  in  making  their  bread,  ^ 
a  view  to  prevent  the  bread  from  soon  becoming  diy. 

Mode  of  Detection. — Make  a  solution  of  bread 
Test  it  with  red  litmus  paper.  If  it  is  not  alkaline, 
bum  some  of  the  bread,  and  test  the  ash  with  htmw 
paper.  If  the  ash,  instead  of  being  neutral,  is  alkaUne 
potatoes  are  probably  present.  The  percentage  of  watff 
in  the  bread  and  its  appearance  must  also  be  noted. 

6.  Bice  is  added  to  bread  to  whiten  it  and  to  rendff 
it  heavier,  as  it  contains  a  large  quantity  of  water. 

Mode  of  Detection. — The  ash  of  rice  is  necessarily 
low,  namely  '85  per  cent.  An  excessive  percentage  of 
moisture,  an  unnatural  whiteness  of  the  bread,  and  a 
low  ash,  are  suggestive  of  this  adulteration.  Tlie  flour 
with  which  the  bread  is  made  should  be  examined 
microscopically,  for  the  granules  of  rice  are  different 
from  those  of  any  other  starch. 

Chemical  Examinaiion. 

Water. — The  mean  amount  of  moisture  found  by 
Dr.  Odling  in  good  bread  was  43*4  per  cent,  the  maxi- 
mum of  all  the  25  specimens  examined  yielding  46*7 
per  cent  of  water. 

Place  a  small  portion  of  bread  in  a  platinum  dish 
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,  .  of  known  weight     Weigh.     Dry  over  water  bath  for 
some  time.     Weigh.     Expose  the  dish  on  the  water 
,  "bath  for  another  half-hour,  and  again  weigh. 
Calculate  the  percentage.     For  example : — 


■ 


Bread  and  die 
Dish 

h     . 

of  bread 

jring  at  212°  F. 

First 
weighing. 

27-810 
26*205 

28-910 
26-205 

Weight . 
After  dr; 

Bread  and  dish 
Dish  . 

2-705 

Second 
weighing. 

27-665 

26-205 

Weight  of  bread 
2-705  : 

1-605 

1-460  :  :  100 
100 

1-460 

2-705) 
100-00 
53-97  of  solid. 

14600000  (53-1 

97 

46-03  of  moisture. 

Result  46*03  per  cent  of  water. 

The  addition  of  mashed  potatoes,  or  boiled  rice 
(starchy  foods  that  are  deficient  in  the  nitrogenous 
elements)  is  to  be  suspected  if  the  percentage  of  water 
is  excessive.  If  bread  possesses  an  unnatural  white- 
ness and  no  alum  or  terra  alba  can  be  detected,  rice  is 
the  probable  adulterant. 

Ash, — Take    100    grammes    of   bread   (crust  and  Aihihonid 
crumb  in  about  equal  proportions)  and,  having  cut  it  J^iJ^^JSJI 
up  into  fragments,  bum  it  in  a  Berlin  dish  of  about  5 
inches  in  diameter.     The  coke  that  forms  should  be 
broken  up  by  the  help  of  a  platinum  rod.     It  is  not 
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advisable  to  employ  a  persistently  intense  heat^  as  then 
is  a  danger  of  volatilizing  the  alumina  of  the  alum,  aui 
of  cracking  the  dish.     When  the  cinder  and  ash  cease 
to  glow,  and  when  they  exhibit  a  grey  colour,  the 
burning  may  be  considered  complete.      The  ash  should 
not  be  thoroughly  decarbonized  for  fear  of  volatilizing 
the  alumina.     The  burning  of  100  grammes  of  bread 
consumes  four  hours.    This  process  can  be  accomplished 
in  half  the  time  by  employing  50  grammes,  but  in  that 
case  greater  care  and  accuracy  are  required  in  working. 
The  ash  is  transferred  to  a  platinum  dish,  for  weighing 
by  the  help  of  the  feather  end  of  a  quill  pen,  with 
which  the  interior  of  the  porcelain  dish  can  be  very 
thoroughly  cleaned.     Before  the  weight  is  taken,  it  is 
desirable  to  complete  the  incineration  by  heating  the 
contents  of  the  platinum  dish  to  redness  for  a  short  time, 
to  ensure  a  thorough  burning.     If  the  operator  is  pos- 
sessed of  a  large  £5  platinum  dish,  the  employment  of 
the  Berlin  dish  is  dispensed  with.     The  ash  should  be 
weighed.     It  does  not  in  pure  bread  exceed  2  grammes 
in  100  grammes  of  bread,  or  2  per  cent 
For  example : — 

Ash  and  platinum  dish      .         27*770 
Platinum  dish       .  .  26'205 


Ash       .  1-565 

Besult  1*5  per  cent  of  ash. 

c4  varies  SUka, — Add  5  c.  c.  to  10  c.  c.  of  strong  hydro- 
2[*^^  chloric  acid  (pure)  to  the  ash  in  the  platinum  disL 
I  to -082  Add  20  c  c.  to  30  c.  c.  of  distilled  water,  and  boil, 
taking  care  to  avoid  splashing.  The  hot  liquid  is 
passed  through  a  small  Swedish  filter  paper  into  a 
beaker.     Place  some  distilled  water  in  the  platinum 


cent. 
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dish  and  heat  to  boiling  point,  using  a  feather  or  glass 
rod  to  detach  any  solid  particles  adhering  to  the  sides 
of  the  dish.  Pour  these  washings  through  the  filter. 
Finally  wash  the  precipitate  on  the  filter  with  hot 
distilled  water  by  the  help  of  a  wash  bottle.  The  well- 
established  rule  of  avoiding  the  addition  of  the  wash 
water  to  the  filter  before  the  mother  liquor  has  entirely 
passed  through  it  should  of  course  be  remembered. 

As  the  precipitate  on  the  filter  has,  like  many  other 
precipitates,  a  tendency  to  clamber  up  the  sides  of  the 
filter  and  pass  down  between  the  filter  and  the  funnel, 
it  is  necessary  to  wash  it  down  the  sides  of  the  filter 
by  the  help  of  a  jet  of  water  from  the  wash  bottle. 

A  great  bulk  of  liquid  is  to  be  avoided  in  making 
these  washings.  Several  successive  washings  with 
small  quantities  of  hot  distilled  water  are  preferable  to 
the  practice  of  using  two  or  three  large  quantities. 
Let  the  filter  drain  and  dry,  by  suspending  the  funnel 
containing  it  in  a  ring  of  a  retort  stand,  at  such  a  dis- 
tance above  a  Bunsen's  burner,  or  a  spirit  lamp,  as  to 
prevent  the  possibility  of  ignition  or  charring.  The 
filter  and  the  precipitate  on  it  wiU  soon  dry.  Fold  the 
filter  and  carefully  transfer  it  into  a  little  platinum  or 
porcelain  crucible  provided  with  a  cover  (or  into  a 
platinum  milk  dish),  and  bum  the  filter  to  an  ash,  and 
weigh. 

It  is  advisable  to  employ  roimd  Swedish  filter  papers 
yielding  definite  and  known  quantities  of  ash,  as,  for 
example,  one  or  two  milligramme  filter  papers.  If  none 
are  at  hand,  cut  a  filter  of  the  requisite  size  out  of  a 
sheet  of  filter  paper  and  weigL  The  weight  of  the 
ash  is  always  ^  per  cent  the  weight  of  the  filter  paper ; 
therefore,  a  filter  paper  weighing   500   milligrammes 
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na. 


has  an  ash  of  2^-  miUigrammes.    We  have  dow  aniyed 
at  the  weight  of  the  silica  in  the  total  ash. 
For  example : — 

Platinum  dlBh  and  ash  7*8200 

Dish         .  .  .  7-7700 


Weight  of  ash 


» 


>i 


of  filter 


10500 
•0015 


•0485 

Bcsiilt  *0485  per  cent  of  silica. 

The  following  process  for  the  determination  of  the 
amount  of  alum  in  bread  was  invented  by  Dr.  Dupre, 
and  has  been  improved  upon  by  Mr.  Wanklyn. 

Alumina, — The  filtrate  from  the  silica  estimation  is 
now  rendered  strongly  alkaline  by  the  addition  of  about 
5   c.  c.  of  pure  liq.  ammoniae  fort,  to  precipitate  the 
phosphates.     Finally,  mix  gradually  with  this   alkaline 
water,  stirring  all  the  time,  sufficient  pure  acetic  acid,* 
strong  (not  glacial),  to  neutralize  the  alkalinity,  a  point 
which  is  easily  determined  by  means  of  litmus  paper. 
The  usual  quantity  of  acetic  acid  required   is   about 
10    c.  c.      It    is    advisable,   after   having    thoroughly 
neutralized  the  alkalinity,  to  add  about   10    c.  c.  of 
acetic  acid  more  to  ensure  an  excess.     BoQ  and  filter 
through  a  Swedish  filter  paper  of  known  weight.      (It 
is  better  to  allow  the  precipitate  to  subside  a  little 
before   commencing   the  filtration.)      Wash   well   the 
beaker  with  hot  distilled  water,  detaching  the  adheient 
jelly-like  matter  by  the  aid  of  a  feather  of  a  quill,  and 
pour  the  washings  on  to  the  filter.     Dry  the  filter  in 
the  manner  already  described.     Place  it  in  a  platinum 
dish,  or  into  a  platinum  or  porcelain  crucible  with 

*  The  phoflphates  of  alumina  and  iron  are  insoluble  in  aoatio 
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lid,  which  is  far  better ;  ignite  and  weigh  the  ash, 
which  is  a  mixture  of  the  phosphates  of  alumina  and 
iron.  The  washings  of  the  precipitate  in  the  foregoing 
manipulations  should  be  occasionally  teated  as  they 
pass  out  of  the  funnel,  by  allowing  a  drop  to  fall  on  a 
piece  of  platinum  foil,  or  a  platinum  spatula,  and 
evaporating  it  to  dryness  to  see  if  it  leaves  any  residue. 
The  washings  should  be  continued  until  no  residue  is  left. 

The  amount  of  phosphates  of  alumina  present  in 
pure  bread  varies  from  5  to  10  miUigranmies  ('005- 
■01)  per  100  grammes  of  bread. 

The  amount  of  phosphates  of  iron  generally  present 
in  pure  bread  does  not  exceed  two  or  three  milligranimes 
(002  or  003)  per  100  grammes  of  bread. 

100  grammes  of  pure  unadulterated  bread  has  been 
found  to  yield  as  much  as  '010  milligrammes  of  phos- 
phate of  alumina  and  of  iron,  which  is  equivalent  to  10 
grains  of  alum  in  a  4  lb.  loaf. 

If  the  ash  does  not  exceed  015  milligrammes  of  this 
mixtureof  phosphatesof  aluminaand  iron  in  100  grammes 
of  bread,  there  is  no  adulteration  of  the  bread  with  alum. 

For  example,  a  breiul  containing  alum  yielded — 
Weight  of  ditih  and  aah      .  7-8490 

PUtiDum  dish      .  .         77690 


Weight  of  a»h  of  filter      .  -0020 

Weight  of  BBh       .  -0780 

Deduct  ■verage  amouDt  of  phoe- 
pbatet  of  ■Inmiiu  mkL  lion  foiind 
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is  wrong  with  the  bread,  although  it  would  be  rash  to 
say  that  this  coloration  indicates  that  the  bread  has 
been  adulterated  with  alum. 

The  amount  of  alum  generally  found  in  bread 
adulterated  with  this  substance  varies  between  20  and 
30  grains  in  a  4  lb.  loaf,  although  more  than  100  grains 
have  in  exceptional  cases  been  discovered  in  the  same 
quantity  of  bread. 

It  does  not  necessarily  follow,  that  because  bread 
on  analysis  proves  to  have  been  alumed,  the  balcer 
has  mingled  it  with  his  flour  in  the  manufacture  of  his 
bread.  Some  millers  alum  the  flour  before  they  supply 
it  to  their  customers. 

Accordingly,  when  a  loaf  is  purchased  for  analysis, 
a  sample  of  flour  from  eoch  sack  found  on  the  premises 
should  also  be  taken  for  examination. 

In  rare  cases,  salt,  which  is,  of  course,  freely  used 
in  bread  making,  has  been  found  to  contain  alum. 
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CHAPTER  XLVIL 

INSPECTION  AND  EXAMINATION  OF  MILK. 

Milk  contains  the  three  classes  of  principles  which  are 
required  for  human  food — namely,  the  Albuminous  or 
Nitrogenous,  the  Oleaginous,  and  the  Saccharine — and  is 
the  only  article  supplied  by  nature  which  combines  all 
the  elements  requisite  to  secure  healthy  nutrition  in  a 
form  suited  to  the  young  animal  It  must  not  be 
omitted,  therefore,  from  the  category  of  the  necessaries 
of  life  to  which  the  attention  of  the  medical  officer  of 
health  is  restricted,  although,  if  he  does  not  hold  the 
post  of  public  analyst,  he  may  not  find  it  requisite  to 
make  an  official  examination  of  a  milk,  except  as  a 
guide  for  himself  in  his  own  investigations  as  to  the 
origin  and  spread  of  diseases.  In  milk  outbreaks  of 
typhoid  fever  not  a  single  link  in  the  chain  of  evidence 
should  be  neglected.  If  the  health  officer  finds  on 
analysis  that  the  water  used  in  the  dairy  contains  ex- 
cremental  filth,  and  traces  the  pollution  to  its  source, 
which  has  been  infected  with  the  specific  poison  of  the 
disease,  it  is  still  desirable  to  ascertain  whether  or  not 
the  milk  has  been  diluted  with  water.  Here  is  an 
example  of  the  assistance  that  such  an  examination 
may  afford  a  medical  officer  of  health : — Fever  once 
appeared  in  a  large  public  school,  and  as  no  mode  of 
the  entrance  of  the  poison  could  be  discovered,  it  was 
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at  first  supposed  to  have  arisen  sud  sponte.  The  water 
supply  on  analysis  proved  to  be  pure.  The  milk  was 
supplied  from  two  or  three  sources,  and  was  not  com- 
plained of.  On  making  an  analysis  of  the  milk  it  was 
found  to  have  been  manipulated  with  water.  An 
analysis  of  the  water  from  each  of  the  three  farms, 
whence  the  milk  was  derived,  was  made,  and  one  of 
these  waters  was  discovered  to  be  polluted  with  animal 
excrement,  whilst  the  other  two  waters  were  of  im- 
doubted  purity.  On  visiting  the  dairy  farm  possessing 
the  polluted  water  supply,  it  transpired  that  the  closet 
and  well  were  in  affectionate  proximity,  and  that  the 
former  had  recently  received  the  specific  poison  of  the 
disease  from  one  of  the  labourers.  If  milk  under  such 
circumstances  should  not  evince  by  chemical  examina- 
tion any  decided  departure  from  the  normal  state  of 
the  secretion,  due  regard  being  paid  to  its  variation  in 
composition,  by  reason  of  the  age  and  food  of  cow, 
time  after  calving,  weather,  etc.,  it  must  not  be  con- 
cluded that  the  poison  of  the  disease  has  not  been 
communicated  to  the  milk  through  the  medium  of 
water,  for  there  is  every  reason  to  believe  that  the 
smallest  quantity  of  water  containing  the  specific 
poison,  such  as  may  be  introduced  by  merely  rinsing 
the  milk-cans,  is  sufficient  to  infect  a  large  quantity  of 
milk.  An  analysis  of  milk  in  suspected  typhoid  out- 
breaks affords  only  negative  evidence.  The  undoubted 
admixture  of  water  with  milk  introduces  us  to  a  fresh 
scent  in  our  endeavours  to  trace  the  introduction  of 
the  poison,  although  the  absence  of  signs  of  any  decided 
adulteration  does  not  preclude  tlie  possibility  that  the 
milk  may  have  been  poisoned  through  the  medium  of 
water.     No  ray  of  light,  however  feeble,  should  be 
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neglected  in  tracking  this  prevaleat  and  wholly  pre- 
ventable disease.  The  microscope  affords  aUo  aid 
which  is  not  to  be  despised.  In  milk  outbreaks  of 
scarlet  fever  a  comparison  should  be  made  with  this 
instnunent  between  Tnilk  that  has  been  exposed  to  in- 
fection— as,  for  example,  from  being  stored  within  a  few 
yards  of  pereouB  suFfering  or  recovering  from  this 
disease — and  the  milk  of  the  same  animals  that  has  not 
been  thus  endangered,  with  the  object  of  discovering 
epithelial  scales,  for  its  poison  would  seem  to  be  mainly 
distributed  through  the  air  by  the  aid  of  the  dust  of 
die  skin  to  which  it  attaches  itself. 

Good  milk,  the  chemical  composition  of  which  is  to 
be  found  in  every  physiological  work,  is  slightly  acid 
or  neutral,  or  very  feebly  alkaline  to  litmus  paper.  Its 
specific  gravity  is  about  1'029  or  r030. 

Microscopic  Appearance. 
Milk  is  seen  to  consist  of  a  number  of  oil  globules 
of     difierent    sizes, 
called  milk  globules, 
and  a  little  epithe- 
lium   suspended    in 
a    somewhat   tuibid 
fluid.     Immediately 
after     calving     are 
sometimes  perceived 
large    yellow    com- 
.  poimd  bodies  termed 
colostrum  corpuscles. 
The  secretion  of  the 
Fig.»i.-iiukcoi.uinLi.g™i«tnim«.rpB«!iw,»t  coIostrum     immedx- 
II  md  BiMwiwn  <«fier  c«pMit«r>  ^tely   after  birth  is, 

aa  every  one  knows,  designed  to  purge  the  young  auimaL 
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In  the  milk  of  a  woman  sufifering  from  an  acute 
disease,  colostrum  corpuscles,  and  large  granular  ceUs 
rich  in  fat  are  visible* 

Foreign  bodies  are  sometimes  noticed  by  the  micro- 
scope in  milk ;  for  example,  blood  and  pus  corpuscles, 
epithelium,  etc. ;  also,  mineral  matters,  such  as  chalk, 
starch,  vegetable  organisms. 

MiUc  coag^uicUing  daring  or  immediately  after  milk-  Fwrii  MUk 
mg,  especially  after  it  is  warmed. — ^The  secretion  of  ®^**°^**^ 
this  acid  milk  may  be  owing  (1)  to  inflammation  of 
udder,  (2)  to  digestive  disturbance  or  a  febrile  state. 

Yellow  Milk. — This  colour,  when  not  due  to  the  TeiiowMiik. 
colostrum  of  newly-calved  cows,  is  observed  when  there 
is  irritation  or  congestion  of  the  udder.  Dairymen 
colour  their  milk  with  annate.  When  milk  is  boiled 
the  colouring  matter  remains  in  the  whey.  An  un- 
natural yellow  colour  of  ^cream  is  sometimes  produced 
by  an  organism  called  by  Verheyen  the  Vibrio  xantko- 
genus.  The  eating  of  orchids  by  cows  has  been  said  to 
render  the  milk  of  a  yellow  colour. 

Viscid  MUk,  which  is  stringy  and  mucus-like  when  vibcw  Miik. 
poured  from  one  vessel  to  another,  and  has  a  stale  un- 
pleasant taste,  has  been  found  to  contain  a  large  pro- 
portion of  albumen,  as  well  as  carbonate  of  ammonia. 
Microscopically  it  resembles  colostrum,  but  it  is  distin- 
guished from  it  by  its  power  of  producing  the  same 
alteration  in  a  large  quantity  of  healthy  milk.  The 
viscidity  of  milk  has  been  ascribed  to  a  half -starved 
condition  of  cows,  and  to  damp  unwholesome  dairies. 

The  colours  of  bbce,  red,  and  green  milk  or  cream, 
are  all  probably  due  to  the  development  of  organisms, 
the  nature  of  which   has  not  been  made  out.     The 

*  Lehmau's  Physiological  Chemistry, 
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ferment  produced  will  give  rise  to  the  same  alt6rati<a 
when  a  small  portion  of  either  of  these  milks  is  added 
to  a  large  quantity  of  good  milk.  Happily  these 
peculiar  growths  are  engaging  the  attention  of  Professor 
Lister,  so  we  may  confidently  hope  that  we  shall  soon 
possess  some  knowledge  respecting  them.* 
Milk.  Bhie  Milk  has  a  disagreeable  taste,  and  has  been 
found  to  produce  diarrhoea  and  severe  febrile  gastritis.t 

Pigs,  rabbits,  and  sucking  calves  suflfer  from  diarrhcet 
after  feeding  on  it 

A  distinction  has  been  drawn  between  milk  which 
is  blue  when  drawn  and  that  which  is  blue  when 
coagulated  or  in  the  condition  of  cream,  the  former 
being  supposed  to  be  not  injurious  and  the  latter  in- 
jurious to  health.  The  probability  is  that  the  colour  is 
due  to  one  and  the  same  organism,  which  becomes 
poisonous  only  at  a  certain  stage  of  its  development. 

The  blue  colour  has  been  attributed  to  the  consump- 
tion by  the  cows  of  certain  plants,  as  the  Afyasotis 
poUustris,  Mercurialis  perennis,  Fagopyrum,  Polygonum 
aviculare,  etc. 

Milk  is  a  fluid  which  is  extremely  liable  to  be 
affected,  as  to  its  odour  and  taste  and  quality,  by  the 
food  of  the  cows  that  secrete  it,  and  by  chemical 
changes  that  are  due  to  foul  conditions  of  air  to  which 
it  may  be  exposed,  and  to  the  special  ferments  which 
attach  themselves  to  it. 
{«■  in  We  are  all  familiar  with  the  taste  of  turnips  in  our 
milk  and  butter  during  the  depth  of  winter.  Vine  and 
chestnut  leaves  will  render  milk  bitter,  and  beech  leaves 

*  Opening  Address  at    King's  College,  London,   1877  ;   British 
Medical  Journal^  October  6th,  1877. 

t  Virchow's  Archiv,  Band  zliii.  page  161  (1868). 


and 
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will  diminish  the  supply  of  milk.  Milk  is  also  bitter 
if  bitter  medicines  have  been  administered  to  the  cow, 
and  in  disease  of  the  liver. 

Milk  has  been  found  to  possess  a  sweet  or  bitter 
nnpleasant  taste  and  a  "rotten"  disagreeable  odour 
when  supplied  by  cows  badly  kept  on  damaged  forage 
and  filthy  water,  and  when  kept  in  dirty,  imwholesome, 
damp  dairies.* 

Mr.  Smee  exposed  milk  to  sewer  gas,  but  could 
find  no  change  in  composition  on  making  a  chemical 
analysis.  On  distilling  the  milk  at  a  temperature  not 
exceeding  120°  F.,  a  distillate  was  obtained  which  had 
an  unpleasant  taste  and  an  offensive  smell.  "  Tasting 
the  distillate  set  up  intense  headache,  vigorous  rapid 
pulse,  and  was  followed  by  severe  diarrhoea."  t  Milk 
exposed  to  the  vapour  arising  from  animal  matter 
undergoing  putrid  decomposition,  similarly  treated,  was 
ofiensive  and  produced  results  dangerous  to  health. 

Chemical  Examination. 

The  average  composition  of  good  country  and  town 
fed  milk  is  thus  given  by  Wanklyn : — 

100  cub.  cent  contain — 
Country, 

Water  .  .  ,  90*09  grammes. 

Fat       .  .  .  /    316         „ 

CaBcine         Milk  solidB  12*81  J    4*16         „        |    Milk  solids, 

Milk-flugar  (lactin)  .  j    4*76         „         >        not  fat, 

Ash      .  .  .  (   0*73         „         j         9*66. 


102*90 

*  I  yisited  a  dairyman's  establishment  once  where  the  water  in  the 
cowshed,  with  which  the  milk  was  confessedly  adulterated,  was  sewage 
water,  and  the  cans  of  milk  were  stored  in  a  bedroom  redolent  of 
organic  matter.  t  Milk  in  Health  and  Disease, 
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Town, 


Water    . 

Fat       . 

Caseine  Milk  solidB  14*47 

Milk-Bugar  (lactin) 

Ash 


88*43  grammes. 
4*12 
6*16 
4*43 
0*76 


9» 


n 


n 


n 


1  SolidSy    not 
\   fat,  10*35. 


102*90 


TheLaoto- 
ni6t0r. 


The  lactometer  is  simply  an  instrument  for  ascer- 
taining the  specific  gravity  of  milk.  The  more  milk- 
sugar,  caseine,  and  other  mineral  matter  contained  in 
milk,  the  greater  the  specific  gravity.  The  effect  of 
these  solids  is  more  or  less  counteracted  by  the  fat 
globules,  which  tend  to  lower  the  gravity,  because  fat 
is  lighter  than  water.  As  the  addition  of  fat  tends  to 
diminish,  its  abstraction  (skimming)  must  increase,  the 
specific  gravity.  The  practice  in  the  milk  trade  is  to 
rob  the  fresh  milk  of  cream  by  pouring  into  it  skimmed 
milk.  The  specific  gravity  having  thus  been  raised 
abnormally  high,  is  toned  down  to  the  specific  gravity 
of  good  rich  milk  by  dosing  it  with  water. 

The  creamometer  is  an  instrument  which  is  equally 
fallacious. 

IVIilk  should  always  be  analysed  in  a  fresh  state, 
for  when  sour  or  otherwise  decomposed,  correct  deter- 
minations are  more  difficult.  Certain  allowances  in 
such  cases  have  to  be  made  which  introduce  discre- 
pancies, and  analysts  differ  as  to  what  those  corrections 
should  be. 

The  determination  of  the  amount  of  water  in  milk 
is  made  by  the  estimation  of  the  amount  of  milk  solids 
thus: — 

Procure  (1)  three  or  four  little  platinum  dishes 
W81  to  14*47  each  of  which  is  numbered;  (2)  a  copper  water  bath 


Water  in 
milk. 


ATenge 
milkaoUds, 
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resembling  that  depicted  in  Fig.  6,  provided  with  holes  gnmmMi 
corresponding  to  the  number  of  little  platinum  dishes,  JJ2il**'°' 
in  place  of  the  large  holes  there  exhibited ;  and  (3)  a 
bulb  pipette  graduated  to  5  c.  c  Weigh  the  dish  and 
place  it  on  the  water-bath.  Having  shaken  the  sample 
of  milk,  place  5  c.  c.  of  it,  measured  with  the  pipette 
figured  below,  in  the  dish.  Light  the  Bunsen's  burner, 
and  boil  the  water  in  the  bath  vigorously.     Complete 


en 

o 


Fig.  92.— Milk  Pipette. 


evaporation  to  dryness  will  consume  three  hours.  At 
the  end  of  this  time  remove  the  platinum  dish,  wipe 
it,  and  weigh  it  immediately.     For  example  : — 


Milk  solids  and  platinum  dish 
Platinum  dish 


Milk  solids 


8*408 
7-768 

-640 


Midtiply  by  20  to  obtain  the  amoimt  present  in  100 
c.  c.  of  the  milk — 

'640  X  20  ==  12*80  grammes  in  100  c.  c.  of  milk. 

As  100  c.  c.  of  average  milk  weigh  102*9  grammes, 
it  is  necessary,  if  it  is  wished  to  obtain  a  percentage 
statement,  to  divide  by  1*029. 

*     12-80  grammes  in  100  c.  c.  of  milk  -r  by  1-029=12-44  per 
cent  of  milk  solids. 

The  average  amount  of  milk  solids  in  country  and 
town  fed  milk  is  shown  in  the  foregoing  complete 
analyses. 

The  milk  solids  of  the  milk  of  well-fed  cows  has 
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never   been   known  to  fall   below  11*8  grammes  in 

100  c.  c* 

Aahinioo  The    adulteration    of   milk   with   chalk    or   other 

iuk!^7^  inorganic  substance  is  easily  detected  by  an  estimation 

gramme,      of  the  asL     This  determination  also  serves  to  confirm 

or  otherwise  the  examination  as  to  water  adulteration, 

for  a  milk  highly  adulterated  with  water  gives  too  low 

an  ash. 

Place  the  platinum  dish  containing  the  dried  milk 
solids  on  a  pipe  triangle,  and  incinerate  with  the  flame 
of  a  Bunsen's  burner.  Allow  the  dish  to  cool,  and 
weigh.  Subtract  the  weight  of  the  dish  from  that  of 
the  dish  and  ash,  and  multiply  the  result  by  20  to 
obtain  the  amount  of  ash  in  100  c.  c.  of  milk.  For 
example : — 

Ash  and  platinum  dish  7*807 

Platinum  dish  (No.  3)  .  7*768 

•039 
-039  X  20  =  *78  gramme  of  ash  in  100  c  c  of  milk. 

If  a  percentage  statementt  is  required,  divide  by 

1029. 

•78  -i-  1  -029  =  -76  per  cent  of  ash. 

ATera«e  of  If  it  is  Considered  desirable  to  know  the  extent  of 

uomfTeto  "catering  to  which  a  milk  has  been   subjected,   it  is 
4*12  grains    ncccssary  to  estimate  the  amount  of  fat  in  the  milk, 
of  milk.       This   determination  is  somewhat  troublesome,  and  is 
attended  with  a  very  sensible  error  from  loss  of  fat, 
imless  performed  in  the  following  manner  : — 5  c.  c.  of 

*  Payen  asserts  that  goats'  milk  contains  14*4  per  cent,  and  asses* 
milk  9*6  per  cent  of  solids. 

t  The  results  of  an  analysis  are  nearly  always  recorded  in  the  form 
of  a  percentage,  as  such  a  mode  of  statement  is  more  easily  understood 
by  the  public 


INSPECTION  AND  EXAMINATION  OF  MILK.  477 

the  milk  to  be  examined  are  evaporated  on  the  copper 
water  bath  to  a  condition  of  a  thick  paste  in  a  thin 
Berlin  porcelain  dish  of  about  2^  inches  in  diameter. 
As  it  is  evaporating,  move  aside  the  scum  that  forms 
on  the  surface  of  the  milk  by  means  of  a  short  glass 
rod,  which  may  conveniently  be  allowed  to  remain  in 
the  disL  When  it  has  evaporated  so  far  as  to  become 
of  a  sticky  pasty  condition,  remove  the  dish  from  the 
water  bath.  A  funnel  provided  with  a  filter  should  be 
supported  by  a  ring  of  a  retort  stand  over  a  platinum 
dish  of  such  a  capacity  that  it  wiU  hold  comfortably 
100  C.C. 

Place  a  large  Berlin  dish  containing  some  very  hot 
water  near  at  hand.  Moisten  the  filter  with  a  little 
methylated  ether  (10  c.  c),  allowing  it  to  flow  into  the 
platinum  dish.  Pour  this  ether  from  the  platinum 
dish  into  the  Berlin  dish  containing  the  milk  residue, 
and  mix  the  same  with  the  ether  as  thoroughly  as 
possible  by  the  aid  of  the  glass  rod.  Place  the  Berlin 
dish  on  the  surface  of  the  hot  water,  so  as  to  make 
the  ether  boil,*  and  then  pour  it  on  the  filter.  Pour 
a  second  10  c.  c.  of  ether  into  the  Berlin  dish  on  the 
milk  residue,  and  by  aid  of  the  glass  rod  expose  the 
whole  of  the  sticky  mass  to  the  influence  of  the  ether. 
Then  float  the  dish  again  on  the  surface  of  the  hot 
water  in  order  that  the  ether  may  boil,  and  pour  it  on 
the  filter.  A  washing  should  not  be  thrown  on  the 
filter,  until  the  previous  washing  has  passed  through 
into  the  platinum  dish.  A  third  and  a  fourth  10 
c.  c.  of  ether  are  now  poured  into  the  Berlin  dish,  and 
dealt  with  in  a  similar  manner.  By  the  help  of  a  clean 
finger,  every  portion  of  the  sticky  contents  of  the  dish 

*  It  will  be  remembered  that  ether  boils  at  a  very  low  temperature. 
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Parkes*  Hygiene  by  means  of  Febling^s  solution.  Take 
10  c.  c.  of  milk,  add  a  few  drops  of  acetic  acid,  and 
warm  ;  this  coagulates  the  casein  with  the  fat ;  then 
make  up  100  c.  c.  with  distilled  water,  filter,  and  put 
the  filtered  whey  (which  ought  to  be  as  clear  as  possible) 
into  a  burette.  Take  10  c.  c.  of  Fehling's  standard 
copper  solution,*  put  it  in  a  porcelain  dish,  and  add  20 
or  30  c.  c.  of  distilled  water;  boil  it;  as  soon  as  it  is  in 
brisk  ebullition,  drop  in  the  whey  from  the  burette ; 
take  care  that  the  liquid  is  boiling  all  the  time  ;  con- 
tinue the  process  until  the  copper  is  all  reduced  to  red 
suboxide,  and  no  blue  colour  remains  in  the  super- 
natant liquid,  but  stop  before  any  yellow  colour  ap- 
pears. Eead  off  the  amount  of  whey  used,  and  divide 
by  10  ;  the  result  is  the  amount  of  milk  which  exactly 
decomposes  10  c.  c.  of  the  copper  solution.  The  10 
c.  c.  of  the  copper  solution  are  equal  to  '0667  grammes 
of  lactin.  The  amount  of  lactin  in  the  10  c.  c.  of  milk 
is  then  known  by  a  simple  rule  of  three ;  and  the  amount 
in  100  c.  c.  of  milk  is  at  once  obtained  by  shifting  the 
decimal  point  one  figure  to  the  right.      Example  : — 

1 5  c.  c.  of  diluted  whey  were  required  to  reduce  the  1 0  c  a 
of  copper  solution;  4^=1 '5,  the  amount  of  original  milk; 
0-0667  •^  1-5  =  0-0445  gramme  of  lactin  in  1  c.  c.  ;  there- 
fore 00445  X  100  =  4-45  per  cent 

Amount  of         To  Calculate  the  Amount  of  water  added  to  a  milk. — 

water  added.  Multiply  the  amount  per  cent  of  "solids  not  fat"  found  in 

the  sample  by  1 00,  and  divide  by  9'3.     For  example  : — 

*  Recipe  of  Fehling'a  Copper  Solution, 

Pure  Sulphate  of  Copper  .  .  .     34*64  crammes  )  t\'     ^ 

Distilled  Water    .  .  .  .     200-    c.  c.  \  ^^isaolve. 

Tartrate  of  Soda  and  Potash         .  .     173-    grammes  j -p..     , 

Sol.  of  Caustic  Soda  or  Caustic  Potash    .     480-    c.  c.  j  ^^o^v«- 

Mix  the  two  solutions  slowly,  and  dilute  with  distilled  water  to  one 

litre.     1  c.  c.  =  '00667  gramme  of  lactin  or  milk-sugar. 
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8*4      Bolidfl  not  fat. 
100 


481 


9'3)840*00(90'3  real  milk. 
837 


300 
279 

The  difference  between  result  and   100  is  added 

water,  which  in  this  case  is 

100 
90-3 


fkt  remoTod. 


9-7 
Aruwer — 9*7  per  cent  of  water. 

To  calculate  the  Amount  of  Fat  removed. — Multiply  Amount  of^ 

the  amount  of  *'  solids  not  fat "  found  in  the  sample  of 

milk  by  3*2,  and  divide  by  9*3.     From  the  product 

deduct  the  amount  of  fat  yielded  by  the  milk.     The 

difference  is  the  fact  abstracted.     For  example : — 

9*04  solids  not  fat,  found  in  sample. 
3*2  quantity  (roughly)  of  fat  found 
■  in  pure  country  milk. 

1808 
2712 


"  Solids  not  fat  **  in  9'3)28'928(3'11   fat  equal  to  "soUds   not 
100  giummes  (not        279  fat"   found  in   sample 

100  c  c.)  of  pure      (9-04). 

country  milk.  102 

93 


98 
93 


3-11  6 

1*22  fat  found  in  sample. 


1*89  quantity  of  fat  abstracted  from  sample  of  milk. 
1*89  X  5  =  9*45  of  cream  removed. 

2l 
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A  great  controversy  has  taken  place  for  some  time 
past  as  to  the  extent  to  which  the  components  of  milk 
may  vary  under  the  influence  of  feeding,  age,  time  of 
year,  distance  of  time  from  calving,  etc.  Certain  cows 
Abnormal  producc  what  are  termed  abnormal  milks ;  that  is,  milVs 
that  are  exceptionally  rich  or  exceptionally  poor. 

The  following  analyses  of  rich  and  poor  milk  were 
made  by  Dr.  Shea  and  Mr.  John  Pattinson.  The  rich 
milk  was  obtained  from  an  animal  fed  on  a  sewage 
farm,  chiefly  on  rye-grass,  and  the  latter  from  a  perfectly 
healthy  Durham  shorthorn,  fed  on  turnips,  brewers' 
grains,  peasmeal,  and  hay : — 

Sp.  Gr.        Total  Solids.     Fat  Solids  not  Fat.  Ash. 

Rich  milk    1035  14-8         6-6  9-20  -85 

Poor  milk    1023  9*94       S'O  6*94  -95 

Milk  taken  at  the  commencement  of  a  milkinsr. 
which  is  called  "  fore  milk,"  is  poorer  than  that  drawn 
afterwards,  and  that  which  is  obtained  at  the  termina- 
tion of  a  milking  is  generally  rich  with  cream. 

The  law  provides  that  milk  shall  be  taken  to  mean 
whole  milk,  that  is,  the  mixed  milk  of  an  entire  milking. 

Although  the  milk  of  individual  cows  may  be  found 
to  vary,  the  mUk  of  a  dairy  which  consists  of  a  mixture 
of  the  poor  with  the  rich  is  pretty  constant  in  compo- 
sition. 

Mr.  J.  Carter  Bell  has  recently  made  analyses  of 

the  milk  of  183  cows  belonging  to  different  dairies,  the 

average  of  which  (excluding  that  of  two  cows  w^hose 

milk  was  in  an  abnormal  state)  is  as  follows : — * 

Total  Solids           .              .  .  13-60 

Solids  not  fat        .              .  .  9*90 

Fat           ...  .  3-70 

Ash          .             .             .  .  -76 

*  Analyst,  December  1877,  p.  165. 
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Making  every  allowance  for  variations  in  composi- 
tion, the  Society  of  Public  Analysts  bave,  after  mucb  standard  of 
consideration,  recommended  tbat  9  per  cent  of  *' solids  ^***^°** 
not  fat,"  and  2*5  per  cent  of  fat  sbould  be  recognized 
as  the  minimum  limits  of  these  constituents  of  milk. 
Dr.  Voelcker,  who  uses  extinct  and  antiquated  methods 
of  analysis,  and  Dr.  Campbell  Brown,  who  obtains 
curious  results,  probably  from  operating  on  large  quan- 
tities of  milk,  consider  that  tliis  limit  is  too  liigh.  The 
latter  writes  :^ — "  It  is  not  safe  to  assert,  on  analytical 
grounds  alone,  that  a  sample  of  milk  is  adidterated  with 
water,  unless  it  contains  below  11  per  cent  of  total 
solids,  as  well  as  below  9  per  cent  of  solids  not  fat ; 
nor  even  then,  if  it  contains  so  much  as  2*7  per  cent 
of  fat" 

The  Inland  Eevenue  chemists  at  Somerset  House 
hold  views  as  to  the  variability  of  the  composition  of 
milk,  which  differ  from  the  large  majority  of  chemists. 

All  this  lamentable  divergence  of  opinion  has  led  to 
a  result  that  might  have  been  anticipated — namely,  that 
magistrates  wUl  not  convict  in  cases  where  the  adul- 
teration with  water  does  not  exceed  10  per  cent,  so  that 
milk-sellers  may  cheat  to  at  least  this  extent  without 
fear  of  punishment. 

Milk  of  Diseased  Animals, 

Happily  this  secretion  diminishes  or  disappcirs  in 
many  of  the  diseases  of  animals,  notably  in  anthrax. 

Loiset  states  that  at  tlie  public  abattoir  of  Lille  the 
employe's  of  the  cattle  dealers  and  salesmen  have  con- 
sumed the  milk  of  diseased  cows  for  a  great  number  of 
years  without  the  slightest  inconvenience. 

•  Chemical  Ncics,  July  1875. 
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Milk  is  not  the  diet  of  men  and  women,  but  of  eliil- 
dren,  amongst  whom  the  mortality  under  five  years  of 
age  of  affections  resulting  from  improper  food  is  fright- 
ful The  assertion  of  Loiset  as  to  the  harmlessness  of 
the  milk  of  diseased  animals  to  men  seems  in  no  way 
to  determine  whether  or  not  such  milk  is  wholesome 
as  the  food  for  the  sucking  animal,  for  which  it  was 
alone  designed  by  nature. 

The  milk  of  diseased  animals  does  not  keep  welL 
It  is  found,  on  microscopic  examination,  to  contain  pus, 
blood,  and  a  larger  quantity  of  epithelium  than  is  pre- 
sent in  good  milk,  casts  of  lacteal  tubes,  vibriones,  cells, 
granules,  etc.  The  milk  of  animals  that  have  been 
driven  fast,  which  is  termed  "  heated  milk,"  has  been 
found  to  produce  colic  and  diarrhoea  amongst  children. 
Cattle  Caith  Plague. — There  is  no  evidence  to  prove  that 

^JJ^J^  the  milk  of  animals  suffering  bom  cattle  plague  is 
hurtful  The  changes  that  occur  in  it  are,  according 
to  Dr.  A.  Gamgee,  as  follows : — 

1.  Remarkable  diminution  of  sugar  of  milk. 

2.  Enormous  increase  (except,  perhaps,  at  the  com- 
mencement) of  butter. 

3.  Slight  increase  of  salts. 

4.  The  casein  is  generally  increased. 

The  milk  of  animals  in  a  state  of  disease  which  ex- 
hibits such  a  derangement  in  the  normal  proportion  of 
its  ingredients  cannot  be  wholesome  as  the  staple  food 
for  infants  and  children. 

'»«>■  Contagious  Fleuro-pneumonia.' — There  is  no  evidence 

to  prove  that  the  milk  of  animals  affected  with  this 
disease  is  hurtful  to  adults  or  middle-aged  persons. 
Foot-and-movih  Disease. — ^Much  discussion  has  taken 
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KUk  in  Foot-and-M oath  DiBeaae. 
Early  Stage. 


place  as  to  whether  the  milk  of  cows  sufifering  from  Foot-and- 
this  disease  is  injurious  or  not  to  man.  JJ^, 

Pigs  fed  with  the  milk  of  animals  thus  affected  are 
invariably  seized  with  the  disease  in  a  few  hours.  It 
generally  destroys  sucking  pigs  and  calves. 

Aphthous  and  herpetic  patches,  followed  by  sores, 
and  sometimes  diarrhoea,  have  been  attributed  to  the 
use  of  such  milk. 

These  symptoms  have  naturally  been  observed  most 
amongst  children,  because  they  are  our  great  milk-con- 
sumers. The  condition  of  the  milk  differs  much,  accord- 
ing as  the  udders  are  more  or  less  affected.  The  milk 
is  sometimes  unaltered  to  the  unaided  eye ;  at  others  it 
is  red,  or  brown,  or  yellow, 
from  the  presence  of  blood 
and  pus,  or  ropy,  or  re- 
sembling whey  and  curds, 
or  foetid.  Microscopically 
it  is  found  to  resemble  the 
milk  of  cattle  affected  with 
rinderpest.  In  the  first 
stage  an  aggregation  of  the  o^ 
milk  corpuscles  takes 
place.    Subsequently  pale, 

fine      granules,      spherical    FIg.W.-ClaBt«rlngofMilkCorpttaclea.x 

granular    cells     a     little 

larger  than  pus  corpuscles,  bacteria,  vibriones,  epithelial 
cells,  yellow  granular  masses  not  unlike  colostrum 
globules  seen  in  the  Tnilk  of  cows  newly  calved,  may 
be  discerned. 

The  milk  from  which  the  drawing,  Fig.  94,  was 
made,  was  taken  from  a  cow  which  had  been  suffering 
from  the  disease  for  ten  days.     The  fluid,  after  stand- 
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of  children,  is  known  to  be  produced  by  milk  which 
contains  pus  from  an  abscess  in  the  udder.  ''Sore 
mouths  "  were  exceedingly  prevalent  amongst  the  chil- 
dren throughout  the  country  during  the  extensive  out- 
break of  foot-and-mouth  disease  in  1869.  The  con- 
clusions arrived  at  by  Dr.  Thome  from  an  investiga- 
tion made  by  him  on  the  "Effects  produced  on  the 
human  subject  by  consumption  of  milk  from  cows  hav- 
ing foot-and-mouth  disease"  are  as  follows: — *  (1.)  That 
a  disease  appears  sometimes  to  have  been  produced  in 
the  human  subject,  when  the  milk  of  cows  suffering 
from  foot-and-mouth  disease  has  been  freely  used  with- 
out being  boiled.  There  is  no  evidence  to  show  whether 
this  affection  is  of  a  specific  nature  or  not ;  but  it  seems 
to  consist  in  a  derangement  of  the  alimentary  canal, 
accompanied  by  febrile  disturbance,  the  presence  of 
vesicles  on  the  mucous  membrane  of  the  mouth  and 
tongue,  which,  having  ruptured,  leave  superficial  ulcera- 
tions, and  at  times  a  herpetic  eruption  about  the  ex- 
terior of  the  lips.  (2.)  That  in  a  very  large  number  of 
cases  the  milk  of  cows  undoubtedly  affected  has  been 
used  without  producing  any  noticeable  morbid  effects. 
This  absence  of  result  may,  though  only  to  an  incon- 
siderable extent,  have  been  due  to  the  smallness  of  the 
consumption  and  the  boiling  of  the  milk. 

Outbreaks  of  illness  from  the  employment  of  milk 
from  foot-and-mouth  disease  cattle  are  recorded  in 
British  Medical  Journal^  November  30  and  December 
25,  1875,  and  in  other  periodicals. 

The  knowledge  that  we  at  present  possess  as  to  the 
milk  in  this  disease  warrants  us  in  prohibiting  the 
employment  of  it  in  any  shape  for  children,  and  in  dis- 

♦  **  Twelfth  Report  of  Medical  Officer  of  PriTy  Council,"  1869. 
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suading  adults  from  using  it  unless  it  is  boiled  and 
presents  the  physical  chsu^acters  of  good  miUc 

Anthradc  Diseases, — The  milk  of  animals  affected  AnthnMsic 
with  these  diseases  is  seldom  consumed,  partly  because  ^^******' 
the  secretion  is  very  soon  suspended,  and  partly  because 
the  physical  appearance  of  the  little  milk  that  is  sup- 
plied prevents  its  employment.  It  is,  so  Fleming  says,* 
of  a  dirty  bluish  colour,  streaked  with  blood,  and  soon 
becomes  putrid. 

Cases  are  recorded  of  diarrhcea  and  anthracic  affec- 
tions having  been  produced  in  man  by  drinking  the 
Trn'IV  of  diseased  animeds.  Sucking  pigs  die  in  great 
numbers  when  sows  are  infected  with  **  hog  cholera." 

Tuberculosis  amongst  Dairy  Cattle, — ^The  most  recent  Tubercu- 
investigations  show  that  the  disease  known  as  tuber- 
culosis in  man,  consisting  as  it  does  of  the  deposition  of 
tubercles  in  various  parts  of  the  body,  especiaDy  in  the 
lungs  and  mesenteric  glands,  is  a  communicable  disease. 
That  the  same  disease,  as  it  exists*  in  cattle,  can  be 
conveyed  to  calves,  rabbits,  guinea  pigs,  etc.  by  the 
milk  of  an  animal  suffering  from  the  disease,  has  been 
proved  over  and  over  again  by  Chauveau,  Klebs,  Ger- 
lach,  Leisering,  Zum,  Bollinger,  and  others. 

Klebs  asserts  that,  when  milk  has  been  deprived  of 
its  solid  particles,  the  tuberculous  virus  is  found  in  the 
fluid  portion,  that  it  is  not  destroyed  by  cooking,  and 
that  it  is  all  the  more  active  as  the  disease  has  reached 
to  an  advanced  stage.  He  is  of  opinion  that  the  dis- 
ease may  be  developed  in  children  through  the  medium 
of  the  milk.  That  such  milk  is  liable  to  excite  diar- 
rhoea and  debility  in  children  has  been  recognized. 

*  A  Mantuil  of  Veterinary  Sanitary  Science  and  PoUoe^  voL  ii. 
p.  200. 
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Tuberculosis  is  a  disease  which  is  somewhat  common 
amongst  dairy  cows  that  are  shut  up  in  towns  in  close, 
ill-ventilated,  and  foul  cowhouses.  The  milk  of  such 
diseased  animals  is  deficient  in  fat,  sugar,  and  nitrogen- 
ous elements,  whilst  it  possesses  an  increased  proportion 
of  earthy  matters.  In  these  dajrs  when  the  filthy  feed- 
ing bottle,  containing  its  imitation  of  mother's  milk,  in 
the  shape  of  cow*s  milk,  sugar,  and  water  and  a  pinch 
of  salt,  is  almost  universally  substituted  for  the  supply 
afforded  by  nature,  can  it  be  wondered  at  that  there 
should  be  such  an  annual  Herodian  slaughter  of  inno- 
cents from  diarrhoea,  debility,  atrophy,  etc.,  when  it  is 
remembered  that  an  immense  quantity  of  the  milk  of 
animals  thus  diseased  is  sold  throughout  the  country  ? 

The  milk  of  mUch  cows  suffering  from  tuberculosis 
should  not  be  employed  by  children.  The  milk  of  all 
institutions  occupied  by  the  young,  which  are  situated 
in  his  district,  should  be  analysed  by  the  medical  officer 
of  health,  for  he  should  be  acquainted  with  the  condi- 
tion of  this  "  aU  in  one  "  sort  of  nutriment,  as  supplied 
in  large  quantity  for  the  food  of  children. 

If  such  milk  should  contain  a  deficiency  of  nitro- 
genous, fatty,  and  saccharine  matters,  as  exhibited  by 
very  low  milk  solids,  and  if  it  is  at  the  same  time  rich 
in  mineral  constituents,  there  is  a  suspicion,  if  unadul- 
terated, that  the  milk  is  derived  from  animals  suffer- 
ing from  tuberculosis, 
on  Parturition  or  Milk  Fever. — ^A  sample  of  the  milk  of 
a  cow  thus  aflTected  was  found  by  Mr.  Smee*  to  contain 
an  abnormally  large  proportion  of  phosphates.  He 
states  that  during  thia  progress  of  this  disease  the 
earthy  phosphates  leave  the  animals'  bones,  producing  a 

♦  Op,ca. 
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species  of  mollities  ossium,  which  renders  them  exceed- 
ingly liable  to  fracture  after  recovery. 

In  this  disease  there  is  happily,  as  a  rule,  a  sup- 
pression of  the  lacteal  secretion,  otherwise  we  should 
have  frequent  instances  of  the  injurious  eflfects  of  milk 
of  such  altered  composition  on  children. 

Changes  take  place  in  the  proportion  of  the  con- 
stituents of  good  milk  in  other  diseases  of  cattle.  The 
complaint  known  as  the  "  grease  "  in  cows  is  attended 
by  a  decrease  of  the  alkaline  salts,  of  the  casein  and 
the  fat  (Herheyer).  In  the  vaccinia  of  cows  the  milk 
is  strongly  alkaline,  and  sugar  is  almost  absent  (Brewer). 

A  complaint  amongst  children,  known  as  milk-sick- 
ness, has  prevailed  in  America,  caused  by  the  unboiled 
milk  of  cows  that  have  fed  on  the  Rhus  tcxticodendron, 
which  produces  in  these  animals  a  complaint  termed 
"  the  trembles.'*  The  milk  of  goats  that  have  fed  on 
the  OEthusa  cynapimti,^  and  on  euphorbiaceousf  plants, 
has  been  found  to  be  poisonous. 

♦  British  Medical  Journal,  September  6,  1878. 
t  Meduxd  Tiines  and  GazcUe,  June  31, 1863. 
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TABLE  FOB  Reducino  Babombtric  Obsebvations  to  the 

Fbeezino-Point  (32°  F). 
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LBLE  rOR  REDOCiKa  Basohktbio  Obsbbvationb  to  tbe  Level 
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Heiohts  by  tbe  Babometeb. 
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REGISTER  OF  RAIlfFALL  IN"  18_. 

Kepi  at bg 

latitude Hekht  of  f  Above  Groond. 

Timaof  ObMrTfttioii...R«eiTer  ot< 
Lougitade  ...  RunG&nge  (Above  Sea  Level... 

CoKDUMD  IxBTBDOTioira.— Fix  tht  gin^  firmly,  with  its 
orifice  lev«l  and  1  foot  ftbove  the  groond,  qnite  clear  of  treea  and 
valla,  emptjlt  dailyat  9  a.m.,  and  enter  it  ^aiiut  the  preceding 
day.  Bnow  ihould  be  melted  alawly  in  a  cliMed  veaeel,  and  tbe 
amomit  entered  u  rain,  an  "  B  "  being  prellied  With  a  loir 
tempetatnre  and  bigh  wind,  it  ia  aometiiDeB  blown  oat  of  the 
fonnel ;  then  take  one-twelfth  of  the  arenge  depth  of  mow,  and 
enter  that  aa  the  yield  of  water — t.g.,  3  inchaemow—  'Sfiof  raiD. 
When  there  ii  no  rain,  a  line  ahould  t>e  dravn,  tather  than  cjphera 
luerted. 
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Ague  and  seasonal  meteorology,  848. 
Air,  chemical  examination  of^  272. 

churcliyard,  280. 

bygrometric  state  of  the,  and  health,  824. 

marsh,  280. 

microscopic  examination  of,  264. 

of  oar  houses,  281. 

organic  matter  in,  189. 

pressnre  of  the,  880. 

purity  of,  179. 

solid  bodies  in,  258. 

subsoil,  228. 

temperature  of  the,  and  health,  822. 

washings,  198. 
Ammonia,  66. 

albuminoid,  estimation  of^  40. 
free  or  saline,  „  88. 

Animal  impurities  in  air,  219. 
Animals,  diseases  of,  400. 
Anthracic  diseases  and  meat,  414. 
„  „  and  milk,  489. 

Apparatus,  chemical,  requisite,  494. 

B 

Babombtrio  pressure,  its  detennination,  860. 
Braxy  meat,  418. 
Bread,  adulterations  of^  457. 
alum  in,  464, 
examination  of,  455. 

„  „  chemical,  460. 

„  ,,  microscopic  456. 
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BroncliitU  and  seasonal  meteorology,  850. 
Bnicine  test  for  nitric  acid,  92. 

c 

Cabbonio  acid  in  air,  199. 
oxide    „     209. 
Cesspool  filth,  diagnosis  of,  in  water,  168. 
Chlorine,  determination  of  the,  104. 
Cholera  and  seasonal  meteorology,  349,  350. 
Colour  test,  17. 
Com,  examination  of,  485. 

D 

Data  on  which  to  form  an  opinion  respecting  a  water,  157. 
Diarrhoea  and  dysentery,  and  seasonal  meteorology,  348. 
Distilled  water,  preparation  of,  493. 
Dust  of  the  air,  264. 

E 

Eleotbicity,  atmospheric,  888. 
Erysipelas  and  seasonal  meteorology,  858. 
Excremental  filth  in  air,  216. 


Fever  and  seasonal  meteorology,  846. 

Fish,  inspection  of,  429. 

Fish-like  odour  of  waters,  16. 

Fleck's  test,  22. 

Flesh,  condemned,  destruction  of,  481. 

Flour,  examination  of,  489. 

,,  „  ,,  chemical,  441. 

„  „  „  microscopic,  445. 

Fliike  in  meat,  426. 
Food,  the  purity  of,  897. 
Foot  and  mouth  disease,  and  meat,  411. 

,,  ,,  ,,  milk,  485. 

Frankland  and  Armstrong  process,  48. 

,,  Wanklyn  processes  compared,  64. 

Fruit  and  vegetables,  inspection  of,  484. 


G 

Oases,  poisonous,  defiling  air,  218. 
Gold,  trichloride  o(  test,  20. 


m^-m-m^^i^  wg^i*  ^H 
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H 

Hjemorbhaoes  and  seasonal  meteorology,  862. 

Hardness,  determination  of  the,  107. 

Height,  corrections  for,  to  barometric  readings,  499. 

Heisch's  test,  21. 

Horsley's  test  for  Alum  in  bread,  466. 

„  „  Nitrates  and  Nitrites,  80. 

Humidity  Tables,  601. 
Hydrophobia,  362. 
Hygrometry,  377. 

I 

Indigo  process  for  estimating  nitrates,  84. 
Insanity  and  seasonal  meteorology,  364. 

K 

**  EIeepino  Powers  '*  of  a  water,  17. 

M 

Magnesia,  determination  of  the,  112. 
Measles  and  seasonal  meteorology,  841. 
"  Measly  '*  meat,  421. 
Meat,  characters  of  good  and  bad,  404. 

diseased,  argoments  for  and  against  its  employment,  416,  417. 
Memoranda  for  water  analysts,  147. 
Metallic  impurities  in  air,  221,  306. 
Mftals,  poisonous,  determination  of,  121. 
Meteorological  observations,  registration  of,  393. 
Meteorology  and  health,  320. 

seasonal  and  disease,  887. 
Metrical  weights  and  measures,  496. 
Microscopic  examination  of  air,  264. 

,,  „  of  water,  124. 

Microzyme  test,  12. 
Milk,  diseased,  483. 

examination  of,  468. 

„  ,,        chemical,  478. 

„  ,,        microscopic,  470. 

Mineral  impurities  in  air,  219. 
Mistakes  of  water  analysts,  189. 

Mortality  at  different  ages  and  seasonal  meteorology,  866. 
of  the  sexes,  „  ,,  „  867. 
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N 

Nexjraloia  and  seasonal  meteorology,  852. 

Nitrates  and  Nitrites,  qaalitatiye  examination  for,  80. 

„  ,,  quantitatiye        ,,  ,,    83. 

,,  ,,         utility  of  the  estimation  of  the,  75. 

Nitrogen,  as  nitrates  and  nitrites,  70. 

0 

Ordnance  bench  marks,  859. 
Old  age  and  seasonal  meteorology,  858. 
Opinion,  formation  of,  as  to  a  water,  160. 
Oiganic  nitrogen  and  carbon,  52. 
matter  in  air,  189. 
,,      in  water,  18. 
Ozonometry,  811. 

P 

Parturient  apoplexy  and  meat,  414. 
Parturition  or  milk  fever,  and  milk,  490. 
Peaty  water,  diagnosis  of  a,  164. 
Pericarditis  and  seasonal  meteorology,  855. 
Permanganate  of  potash  process,  qtuUUative,  28. 

,,  ,,  ,,  quaTUitative,  29. 

,,  „  „  ,,        Drs.  Letheby  and  Tidy's,  29. 

„  ,,  ,,  ,,        Drs.  Woods  and  F.  de 

Ohamnont's,  82. 
Phosphates,  determination  of  the,  118. 
Phthisis  pnlmonalis  and  seasonal  meteorology,  851. 
Pleuro-pneumonia  and  meat,  408. 
Pneumonia  and  seasonal  meteorology,  850. 
Pond  water,  152. 

Poultry,  game,  etc.,  inspection  of,  428. 
Preyious  sewage  contamination,  58. 
Processes  of  water  analysis  compared,  57. 
Puerperal  fever  and  seasonal  meteorology,  858. 
Putrefactive  processes,  defiling  air,  215. 

E 

Rain  gauge,  878. 

Rainey's  bodies  in  meat,  425. 

Rainfall  register,  502. 
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Record  of  analyses,  187. 
Report,  preparation  of,  170. 
Rheumatism  and  seasonal  meteorology,  854. 
Rinderpest  and  meat,  412. 
„     milk,  484. 
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s 

Samples  of  water,  collection  of,  181. 

Scarlatina  and  seasonal  meteorology,  845. 

Sewage  emanations,  defiling  air,  216. 

Sewage  in  water,  168. 

Sewer  gas,  pollation  of  water  with,  106. 

Small-poz  and  seasonal  meteorology,  840. 

Smell  of  a  water,  14. 

Solid  bodies  in  air,  258. 

Solid  residue,  determination  o^  94. 

„        „        ignition  of,  97. 
Solids  in  water,  94. 

Solutions,  standard  for  water  analysis,  178. 
Spectroscope  in  hygrometry,  877. 
Splenic  apoplexy  and  meat,  412. 
Standard  of  pure  air,  247. 

„  „     water,  10. 

Starch  tests  for  nitrous  acid,  98. 
Sulphates,  determination  of  the,  114. 
Surgical  fever  and  meteorology,  887. 


Temperature,  corrections  for,  to  barometric  readings,  498. 

its  determination,  865. 
Thermometer  stands,  867. 
Thermometers,  solar  max.,  869. 

terrestrial  min.,  870. 

verification  of,  872. 
Thorp's  process  for  estimation  of  nitrates,  86. 
Time  occupied  in  performing  an  analysis,  188. 
Trichina  spiralis  and  meat,  428. 
Tubercular  diseases  and  meat,  415. 
„  „         and  milk,  489. 

u 

Urine  in  water,  167. 
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Yegbtablb  impurities  in  air,  219. 

Ventilation,  248. 

Volatile  matters,  amonnt  of,  in  a  water  residue,  102. 


w 

Wankltn,  Chapman,  and  Smith  process,  86. 
Water,  microscopic  examination  of  a,  124. 
Waters,  different  classes  of,  64. 
Wholesomeness  of  a  water,  9. 
Whooping  cough  and  seasonal  meteorology,  343. 
Wigner's,  Mr.,  valuation  table,  158. 
Wind,  direction  of  the,  and  health,  336. 
„  and  strength  of^  884. 
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Zymotic  test,  22. 


THE  END. 


Printed  ^>  R.  &  R.  Clark,  Edinburgh, 


Illustrated  with  Wood  Engravijigs,  LUhographa^  and  Chromo- 
lithographs, Svo,  I2s,  6d, 

OZONE    AND    ANTOZONK 

WHEN         ^ 

WHERE      f         IS  OZONE  OBSERVED  IN 

5;HY  \  THE  ATMOSPHERE? 

By  CORNELIUS  B.  FOX,  M.D.,  M.RCP.  Lond. 

Medical  Officer  of  Health  of  East,  Central,  and  South  Essex :  Fellow  of  the  Chemical 
Society :  Fellow  of  the  British  Metcorolopca)  Society ;  Fellow  of  the  Obstetrical 
Society ;  Member  of  the  Scottish  Meteorological  Soaet^ ;  Associate  of  the  French 
Society  of  Hyi^iene,  etc. ;  Author  of  "  Water  Analysis  as  it  should  and  should  not  be 
performed  by  the  Medical  Officer  <^  Health."  "  The  Disposal  of  the  Slop  Water  of 
VlUaifes,"  etc. 

The  object  of  the  Author  of  this  Work  is  threefold  : 

1.  To  give  a  digest  of  the  most  important  facts  connected  with 
Ozone  and  Antozone,  including  the  interesting  investigations  recently 
made  in  France  and  Germany  ; 

2.  To  point  out  the  circumstances  and  the  manner  in  which,  the 
localities  where,  and  the  reason  why,  Ozone  has  been  and  should  be 
observed  in  the  Atmosphere  ;  and, 

3.  To  make  known  the  results  of  his  own  investigations  respecting 

these  bodies. 

EXTRACTS  FROM  REVIEWS. 

**  His  work  will  be  the  standard  authority  on  Osone.  ...  A  valuable  8cien« 
tiflc  work,  admirably  complete,  "—if edtcal  Times  and  Gazette. 

*'  An  exhaustive  vtotIl— British  Medical  Journal. 

••  Of  great  practical  utility."— Lancet 

"  Well-written,  important,  and  interesting  work."— London  Medical  Record, 

"  A  very  cleverly-executed  work.  .  .  .  Most  interesting."— ii«vu«  des  Seiencu 
Midicales. 

"  An  encyclopsedio  work." — Meteoroloaieal  Magagine. 

"  The  scientmc  world  is  deeply  indebted  to  Dr.  Fox  for  the  volume  which  he 
has  presented  to  it.  ...  An  indispensable  vade  mecum  to  every  health  officer." — 
Public  Health. 

**  Interesting  and  instructive.  .  .   .  Exceedingly  usefnL**— iitAenonMi. 

•'  A  veritable  mine  of  wealth."— Popular  Science  Review. 

**  The  task— no  light  or  trifling  one— of  analysing  the  detached  literature  of  the 
subject,  and  of  thoroughly  investigating  it  for  himself  in  a  searching,  a  scientific, 
and  a  practical  manner,  has  been  ably  accomplished  by  Dr.  Fox.*'— -IHMin  Joumai 
of  Medical  Science. 

"  An  elaborate  monograph." — Chemical  News. 

"  The  entire  question  is  treated  ably  in  this  work."— iSo<eno«  Gossip. 

*' A  comprehensive  work."— (rani<n. 

"  An  elaborate  and  well-arranged  digest  of  fkcts.  .  .  .  Most  Interesting  and 
valuable." — Quarterly  Journal  o/ Science. 

**  Independently  of  his  own  very  valuable  observations,  the  author  has  given  a 
critical  review  of  the  chief  works  on  Osone.  .  .  .  More  particularly  precious  is 
the  concluding  chapter,  entitled  'How  should  Osone  be  observed?*" — Deutscks 
Klinik. 

**  We  earnestly  recommend  it  to  the  careftil  perusal  of  all  persons  Interested  In, 
or  in  anv  way  connected  with,  the  administration  of  the  public  health,  as  a  work 
elucidating  facts  in  regard  to  atmospheric  influences  of  the  utmost  importance,  and 
not  to  our  knowledge  elsewhere  accessible." — Sanitarian  of  the  Unitea  States. 

**  An  excellent  book,  very  suggestive,  very  compendious,  well  arranged,  and  as 
a  guide,  aid,  and  stimulus  to  new  investigations,  invaluable." — American  Journal 
of  Science  and  Arts. 

To  he  obtained  direct  from  the  FiMiehers^ 
Messrs.  J.  A  A.  Churchill,  New  Burlington  Street,  London;  and  from  their 
American  Agents,  Messrs.  Lindsay  A  Blakiston  of  Philadelphia,  U.S. 
Also  from  MM.  Oalionani  k  Gib.,  224  Rue  de  Rivoli,  Paris  ;  or  through  any 
Country  Bookseller. 
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